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Abstract 

Background: The Mammary Prevention.3 (MAP.3) randomized placebo-controlled trial evaluating 

exemestane for breast cancer prevention demonstrated a 65% relative reduction in invasive breast cancer 

incidence. Up to 50% of participants in both trial arms reported a clinically meaningful worsening in their 

menopause-specific health-related quality of life (HRQL). The incidence of both worsening HRQL and 

treatment discontinuation was highest within the first year post-randomization.  

 

Objectives: The objectives of the two manuscripts comprising this thesis were to 1) identify factors 

associated with worsening menopause-specific HRQL, and, 2) evaluate the association between clinically 

meaningful worsening in menopause-specific HRQL and early discontinuation of study treatment.  

 

Methods: The study sample was derived from the MAP.3 chemoprevention trial conducted by the NCIC 

Clinical Trials Group and consisted of 4,560 postmenopausal women at elevated risk for breast cancer. 

Menopause-specific HRQL was assessed prior to randomization, 6 months and annually thereafter using 

the Menopause-Specific Quality of Life Questionnaire (MENQOL). In Manuscript 1, Cox proportional 

hazards analysis was used to identify factors associated with a clinically meaningful worsening in 

domain-specific and overall menopause-specific HRQL. In Manuscript 2, multivariable log-binomial 

regression was used to assess the associations between a clinically meaningful worsening in menopause-

specific HRQL, baseline participant characteristics and early treatment discontinuation. 

 

Results: Manuscript 1: Risk factors of worsening in overall menopause-specific HRQL included younger 

age, diagnoses of depression or anxiety, increasing medication burden and assignment to exemestane. 

Manuscript 2: The risk of early discontinuation was 77% higher among those experiencing a worsening 

in their overall menopause-specific HRQL (RR=1.77 95% CI: 1.51-2.08). Those who were current or past 
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smokers, employed at baseline and were assigned to exemestane were also at increased risk for treatment 

discontinuation.  

 

Conclusions: Both treatment assignment and individual characteristics contributed to the worsening 

HRQL experiences observed in MAP.3, which may help inform the dialogue between clinicians and 

patients considering chemoprevention. A negative change in menopause-specific HRQL is an important 

risk factor of discontinuing chemoprevention therapy. The identification of individual-level factors 

associated with aromatase inhibitor discontinuation may assist physicians in appropriately monitoring and 

counseling their patients.   
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Chapter 1 

Introduction 

1.1 Overview and rationale 

Breast cancer is the most common malignancy in women worldwide, representing 25% of all 

incident cancers and 14% of cancer-related deaths (1). The 2015 Canadian Cancer Statistics report 

estimates that 25,000 Canadian women will develop breast cancer this year (2).  While important 

advances in the early detection and treatment have been made, a large number of women still develop 

breast cancer. This highlights the need for and importance of a comprehensive primary prevention 

strategy. Many breast cancer risk factors either the lack the ability to be modified (age, genetics, family 

history), are very difficult to modify (age at menarche and menopause) or are of personal circumstance 

(parity and age at first birth) making them difficult targets for primary prevention (3). A potential strategy 

for women at high risk for breast cancer is chemoprevention, which refers to the use of endocrine 

therapies in women with no prior breast cancer in order to prevent future breast cancer development (3–

5). Chemoprevention with both aromatase inhibitors (AIs) and selective estrogen receptor modulators 

(SERMs) has been demonstrated to be an efficacious prevention option in clinical trials (5). Specifically, 

the Mammary Prevention.3 (MAP.3) randomized, placebo-controlled trial of exemestane, an AI, 

demonstrated a 65% relative reduction in risk of invasive breast cancer (HR=0.35 95% CI: 0.18-0.70) (6).   

Experimental and observational studies from the adjuvant setting have raised concerns pertaining 

to the impact of AIs on health-related quality of life (HRQL) (7). Maunsell et al. reported on the HRQL 

outcomes of women participating in MAP.3 with the overall conclusion that exemestane had small 

negative effects on both menopause-specific and general HRQL (8). This was due to a small excess of 

women on exemestane reporting a clinically meaningful worsening in their vasomotor, sexual and bodily 

pain symptoms (8). Surprisingly, up to 50% of women on both exemestane and placebo reported 

experiencing a clinically meaningful worsening in all domains of their menopause-specific HRQL (8). 
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This has led to speculation that factors other than treatment assignment may have contributed to 

worsening in both of these groups. Observational studies have identified many sociodemographic, 

lifestyle and medical factors as being associated with poor HRQL outcomes among postmenopausal 

women (9–16). The extent to which these factors may have contributed to worsening menopause-specific 

HRQL in MAP.3 has yet to be investigated.  

Despite the demonstrated efficacy of exemestane and other endocrine therapies in preventing 

breast cancer, chemoprevention is vastly underutilized and many women that begin chemoprevention 

prematurely discontinue before completing 5 years of recommended therapy (17–19). In MAP.3, 32% of 

participants randomized to exemestane and 28% randomized to placebo discontinued treatment 

prematurely (6). The majority of women who discontinued study treatment in MAP.3 did so within the 

first year post-randomization. It was also during the first 6 to 12 months post-randomization where the 

highest incidence of clinically meaningful worsening in menopause-specific HRQL was reported (8). This 

has led to the hypothesis that early negative changes in HRQL may be associated with premature 

treatment discontinuation. While individual and health system-level factors have been associated with 

non-adherence to endocrine therapies in both the prevention and adjuvant settings, negative changes in 

HRQL has yet to be systematically evaluated as a potential predictor of treatment discontinuation in either 

of these settings. Furthermore, identification of individual-level factors of non-adherence to AIs in the 

prevention setting has yet to be reported on.  

1.2 Thesis objectives  

The purpose of this thesis is to further expand upon the HRQL experiences of women participating in 

the MAP.3 trial of exemestane for breast cancer prevention. The first objective of this thesis aims to 

identify baseline participant characteristics associated with a clinically meaningful worsening in 

menopause-specific HRQL. A secondary objective is to examine whether worsening menopause-specific 

HRQL from baseline is associated with study treatment discontinuation within the first year of study.  
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1.3 Overview of study design 

This thesis project uses data collected from the NCIC Clinical Trials Group MAP.3 chemoprevention 

trial that examined the ability of an aromatase inhibitor (exemestane) to reduce breast cancer incidence in 

postmenopausal women (6). Participants in both trial arms (exemestane and placebo) were combined in 

this secondary analysis of the MAP.3 trial. For all intensive purposes this thesis project can be thought of 

as a prospective cohort, where the cohort consists of all postmenopausal women enrolled in the MAP.3 

trial. Detailed information on the 4,560 participant characteristics was collected as they were enrolled in 

the trial between February 2004 and March 2010. Menopause-specific HRQL was assessed at baseline, 6 

months and annually thereafter using the Menopause Quality of Life (MENQOL) questionnaire. 

Participants were then followed forward in time for up to 5 years. The occurrence of the outcomes of 

interest was collected in a systematic way for all study participants.  

1.4 Thesis organization  

This thesis conforms to the Queen’s University School of Graduate Studies and Research 

Guideline “General Forms of Thesis”. The second chapter reviews the current body of literature with 

respect to breast cancer chemoprevention, its impact on HRQL and the issue of non-adherence to 

endocrine therapies. The third chapter outlines data collection procedures used in MAP.3, MENQOL 

scoring procedures, conceptualization of variables and statistical analyses used to address the objectives 

of this thesis project. The fourth chapter is Manuscript 1, which identifies factors associated with 

clinically meaningful worsening in menopause-specific HRQL among participants of MAP.3. The fifth 

chapter is Manuscript 2, which evaluates the association between worsening in menopause-specific 

HRQL and early treatment discontinuation. The sixth and final chapter contains a general discussion of 

the results presented in chapters 4 and 5, as well as strengths and limitations of this thesis project, future 

directions and overall conclusions.   
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Chapter 2 

Literature Review 

2.1 Breast cancer epidemiology  

Breast cancer is the most commonly diagnosed form of cancer among women worldwide (1). 

According to 2012 data from the International Agency for Research on Cancer, approximately 25% of all 

incident cancer cases among women and 14% of all cancer deaths can be attributed to breast cancer (1). 

In 2012, the global age-standardized incidence rate of breast cancer was 42 cases per 100,000 and the 

age-standardized mortality rate was 7 deaths per 100,000 (1). In Canada, the estimated age-standardized 

incidence rate of breast cancer in 2013 was 99 cases per 100,000 individuals and the age-standardized 

mortality rate was 19 deaths per 100,000 (2). While, important advances in the early detection and 

treatment of breast cancer have been made, a large number of women are still developing breast cancer. 

Given the global impact of breast cancer there is a need for primary prevention research that will allow 

for the adoption of a comprehensive prevention strategy.  

2.2 Primary prevention of breast cancer  

Primary prevention strategies for breast cancer have been deemed a top priority by cancer 

agencies worldwide but have been limited in their success to date (3). Many breast cancer risk factors 

either lack the ability to be modified (age, genetics, family history, age at menarche and menopause) or 

are of personal circumstance (parity and age at first birth) making them difficult targets for primary 

prevention (4). Recently, lifestyle risk factors such as body weight, physical activity, cigarette smoking 

and alcohol consumption have been the focus of primary prevention efforts for many types of cancer 

including breast, however these behaviors are complex and often difficult to modify and sustain (3).  
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2.3 Chemoprevention  

A potential strategy for women at high risk for breast cancer is chemoprevention (3-5). 

Chemoprevention refers to the use of endocrine therapies in women with no prior breast cancer in order to 

prevent future breast cancer development (5). Endocrine therapies act to decrease the levels of estrogen in 

the body. Estrogen, while important for healthy breast development, has been identified as a factor that 

contributes to the initiation and development of breast cancer (6,7). Factors related to prolonged and/or 

elevated exposure to estrogen, such as nulliparity, increased age, use of hormone replacement therapy, 

elevated body mass index (BMI), early age at menarche and late age at menopause have been associated 

with an elevated risk of invasive breast cancer (4).     

Two classes of endocrine therapy that are used in the chemoprevention setting are selective 

estrogen receptor modulators (SERMs) and aromatase inhibitors (AIs) (5). SERMs, such as tamoxifen 

and raloxifene, act by binding to estrogen receptors at various sites in the body, inhibiting the action of 

estrogen at the target tissue. A meta-analysis of 9 randomized controlled trials (RCTs) comparing SERMs 

to placebo for chemoprevention demonstrated that SERMs decrease the incidence of invasive breast 

cancer by 38% (p<0.0001) (8). While the literature is generally consistent with regards to the efficacy of 

tamoxifen and raloxifene, both have been associated with serious side effects such as thromboembolic 

events and cataracts (5). Tamoxifen has also been associated with an increased risk of endometrial cancer 

(5).  

Aromatase inhibitors, such as exemestane and anastrazole, act on the enzyme aromatase that is 

responsible for converting androgens into estrogen in females (3). Exemestane irreversibly inactivates 

aromatase, resulting in a decrease in the levels of circulating estrogen (5). The Mammary Prevention.3 

(MAP.3) RCT evaluating exemestane as a chemoprevention agent demonstrated a 65% relative reduction 

in the incidence of invasive breast cancer (HR: 0.35 95% CI: 0.18-0.70) (9). The most commonly reported 

adverse events among those on exemestane were hot flashes (i.e., vasomotor symptoms), joint pain and 

fatigue (9). In the adjuvant setting, where endocrine therapies are used after primary breast cancer 
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treatment, concerns over the impact of AIs on bone, musculoskeletal and cardiovascular health have been 

documented (10).  However, in MAP.3 there were no significant differences between study arms in terms 

of these serious side effects (9). The International Breast Cancer Intervention Study II (IBIS-II) 

evaluating anastrazole for breast cancer prevention found a 53% relative reduction in the incidence of 

invasive breast cancer (HR: 0.47 95% CI: 0.32-0.68) (11). Vasomotor, musculoskeletal symptoms, dry 

eyes and hypertension were significantly more common in the anastrazole group (11). However, the risk 

of serious adverse events such as stroke, cardiovascular events and other cancers were not significantly 

different between the trial arms (11). Together, the MAP.3 and IBIS-II trials help support the efficacy of 

AIs in preventing invasive breast cancer and suggest that AIs may be more appropriate for use in the 

prevention of breast cancer than SERMs in terms of their toxicity profiles. Recently, the American 

Society for Clinical Oncology updated their breast cancer risk reduction guideline to include exemestane 

as an intervention that “should be discussed” as a potential alternative to SERMs to reduce the risk of 

invasive breast cancer among postmenopausal women (12).  

2.4 Adherence and treatment discontinuation 

The effectiveness of chemoprevention agents in preventing breast cancer is dependent on 

maintaining an adequate level of adherence. The most common definition of adherence is ‘the extent to 

which a person’s behavior coincides with medical or health advice’ (13). Adherence exists on a 

continuum and is conceptualized differently across the endocrine therapy literature (14,15). Common 

terms used include: non-initiation, compliance and persistence (14). Non-initiation is defined as failing to 

commence prescribed therapy (14). Compliance can be defined as correctly following medical 

instructions in terms of both dosage and duration (15). Studies of endocrine therapy adherence have 

commonly conceptualized compliance as full (100%) and adequate (75-80%). Persistence is defined as 

continuing to take prescribed therapy regardless of whether or not the patient is correctly following the 

prescribed instructions (14). Discontinuation or ceasing to continue taking prescribed therapy can be 

considered non-persistence, the most extreme form of non-adherence. A variety of methods have been 
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used to assess adherence to medication including self-reports, staff assessments, study-specific 

monitoring systems, along with reviews of medical charts, claims and pharmacy databases (14,15). While 

each of these methods has their own strengths and limitations, to date there is no established gold 

standard method for assessing adherence to endocrine therapy (15).  

2.4.1 Adherence to chemoprevention agents in clinical trials  

The following section describes adherence and persistence to study treatment across major breast 

cancer chemoprevention trials evaluating both SERMs and AIs. 

Selective Estrogen Receptor Modulators 

In the National Surgical Adjuvant Breast and Bowel Project (NSABP) P-1 trial of tamoxifen for 

breast cancer prevention, cumulative discontinuation was 23.7% and 19.7% for those on tamoxifen and 

placebo, respectively (16). In terms of compliance, 75% and 91% of participants were fully and 

adequately compliant at 1-month post-randomization (17). At 36-months post-randomization, the 

proportions of fully and adequately compliant participants dropped to 41% and 79%, respectively (17). 

Adverse events and intercurrent illness were the most commonly reported reasons for long-term 

inadequate adherence (17). In IBIS-I, 36% of participants assigned to tamoxifen and 26% assigned to 

placebo discontinued therapy after a median follow-up of 50 months (p<0.001) (15). In the Royal 

Marsden Hospital trial, 40% and 31% of those assigned to tamoxifen and placebo, respectively, 

discontinued therapy after a median follow-up of 70 months (18). The greatest discrepancy in 

discontinuation between trial arms occurred during the first year of study, and then diminished for the 

remainder of the study (18). The major reason for premature discontinuation was side effects (25.8% 

tamoxifen vs. 14.3% placebo) (19). In the NSABP Study of Tamoxifen and Raloxifene (STAR) trial, 

32.5% and 29.3% of participants assigned to tamoxifen and raloxifene, respectively, discontinued therapy 

before the data analysis cut-off date (p<0.001) (20).  
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Aromatase Inhibitors  

 At the time when the protocol target-event rate was reached in MAP.3, 32% of participants 

who were randomized to exemestane and 28% who were randomized to placebo discontinued assigned 

therapy (9). The difference in discontinuation between the two study arms was largest within the first year 

of study, with 19.3% on exemestane and 13.4% on placebo discontinuing (9,21). For the remainder of the 

follow-up visits, the proportion of participants discontinuing protocol therapy from each trial arm was 

similar (21). Main reasons for premature discontinuation were adverse events (15.4% exemestane vs. 

10.8% placebo, p<0.001) and patient refusal (6.9% exemestane vs. 6.0% placebo, p=0.22) (21). In the 

IBIS-II trial, 50% of women on anastrazole and 51% of women on placebo completed 5 full years of 

study therapy (11). The main reasons for discontinuing assigned therapy were adverse events (20% 

anastrazole vs. 15% placebo) and participant refusal (5% anastrazole vs. 5% placebo) (11).  

2.4.2 Adherence to chemoprevention agents in clinical practice  

In the United States, tamoxifen and raloxifene are the only two endocrine therapies that are 

currently indicated for breast cancer chemoprevention (15). The American Society of Clinical Oncology, 

Canadian Task for Preventative Health Care and US Preventative Task Force have clinical practice 

guidelines recommending chemoprevention for women at high risk of breast cancer (13, 23-25). All three 

guidelines have used the Gail model to define who is at increased risk for breast cancer. The Gail model 

estimates an individual’s 5 year probability of developing breast cancer based on the presence of a 

number of breast cancer risk factors (22–24). The American Society of Clinical Oncology and the 

Canadian Task for Preventative Health Care have defined high risk as those with a Gail index score of 

≥1.66%, or who have been diagnosed with lobular carcinoma in situ or atypical breast hyperplasia 

(12,25). The US Preventative Task Force has used a slightly higher Gail index score (≥3%) for their 

definition of high risk (26). All three guidelines have acknowledged that risk assessment models such as 

the Gail model have inherent limitations and may perform differently in different racial/ethnic 

populations.  
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Despite these clinical practice recommendations, uptake and utilization of chemoprevention 

agents in clinical practice has been very low (12,25–27).  In the US, the prevalence of SERM use for 

chemoprevention has been estimated to be less than 1% and 5% in both the general and high risk 

populations, respectively (27,28). Several possible explanations have been postulated for the low uptake 

of SERMs including reluctance of non-oncologist physicians to prescribe SERMs, lack of patient 

awareness, perceived personal low-risk of breast cancer and concerns about potential serious but rare side 

effects (29–35). Metcalfe et al. reported on the uptake of breast cancer prevention strategies among 672 

women with an identified BRCA1/2 mutation attending 12 specialized genetic counseling centers across 

Canada (36). Among women who opted against prophylactic surgery (n=270), 6% and 4% had taken 

tamoxifen and raloxifene, respectively (36). To our knowledge this is the only Canadian study reporting 

on the uptake of chemoprevention agents among Canadian women. In terms of studies pertaining 

specifically to the uptake of AIs, a small (n=90) retrospective chart review of American women attending 

a breast cancer prevention clinic demonstrated that among the 23% of eligible women who opted for 

chemoprevention, uptake of exemestane was only 7% (27). Barriers to exemestane uptake included 

physician difficulty in communicating accurate risk-benefit profiles and fear of side effects such as bone 

loss, vasomotor and joint symptoms (27). With the vast underutilization of chemoprevention agents in 

clinical practice at this time, methodologically sound assessments of adherence to these agents outside of 

the clinical trial setting have been limited (15). Results from The Sister Study observational cohort 

demonstrate that after 4.5 years of follow-up, 46% of the 788 self-identified tamoxifen users discontinued 

prematurely (37).  

It is evident that long-term adherence to endocrine therapies for breast cancer chemoprevention in 

both clinical trials and clinical practice has been a challenge. Despite the sub-optimal levels of adherence, 

the efficacy of these agents has still been demonstrated. In order for endocrine therapies to be an effective 

breast cancer prevention strategy in clinical practice it is in our best interest to understand the barriers 

and/or risk factors for non-adherence to these agents.  
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2.5 Risk factors for non-adherence in the chemoprevention setting 

To date, the majority of the literature pertains to factors related to non-adherence of SERMs.  

Land et al. evaluated the association between lifestyle factors and adherence to therapy in the NSABP P-1 

trial of tamoxifen for breast cancer prevention (17). Adherence in this study was defined as a composite 

of compliance (how well a physician’s orders are followed in a specific time frame) and persistence (how 

long an individual continues with prescribed therapy) (17,38). Heavy drinkers (>1 drink/day) were less 

likely to be fully adherent to tamoxifen than non-drinkers (OR: 0.79 p=0.016) at 1-month post-

randomization (17). Current smokers at study entry were less likely to be adherent than non-smokers (OR: 

0.75 p=0.003) at 36-months post-randomization (17). The association between smoking and adherence 

was also seen in the IBIS-1 trial, where women with a smoking history were less likely to persist with 

their randomized therapy than non-smokers (p=0.047) (39). Hot flashes, a commonly reported side effect 

of endocrine therapy, tend to be more prevalent among postmenopausal women who regularly consume 

alcohol or smoke cigarettes in the absence of endocrine therapy use (14). It has also been acknowledged 

that smokers may be more likely to develop adverse events over the course of endocrine therapy, which in 

turn may affect their ability to adhere to therapy (14). Lifestyle factors, such as smoking and alcohol 

consumption, may influence adherence to chemoprevention agents through the development or 

exacerbation of adverse side effects. 

In the NSABP P-1 study, women older than 60 years were more likely to adhere to tamoxifen 

than their younger counterparts (OR: 1.4 p<0.001) at both the 1 and 36-month time points (17). 

Inconsistent associations between education and adherence were reported. At 1-month post-

randomization, college education was significantly associated with reduced adherence (OR=0.78 

p<0.001) but at 36-months, college education was significantly associated with full adherence (OR=1.4 p-

0.037) (17). A hypothesis explaining the difference was not provided. There were also suggestive 

protective associations between adherence to tamoxifen and those who were at a high risk for breast 

cancer, were of non-Hispanic ethnicity and had a higher income (17). Physical activity and BMI were not 



 

13 

 

related to adherence in this study (17). Women in IBIS-I who were taking prescription medications in 

addition to study therapy were less likely to discontinue therapy than women who were not taking any 

additional medication (p=0.004) (39).  

Outside of the clinical trial setting, authors of the Sister Study prospective cohort reported that 

women who were at an increased risk of breast cancer were significantly more likely to complete 5 years 

of tamoxifen therapy (OR=1.07 per unit increase in the Breast Cancer Risk Assessment Tool; 95% CI: 

1.00-1.15) (37). Age at tamoxifen initiation, smoking status, BRCA testing, menopausal status and having 

a sister diagnosed with breast cancer before starting tamoxifen were not significantly associated with 5-

year tamoxifen completion (37). Factors related to adherence of aromatase inhibitors, both within and 

outside of clinical trial setting, have yet to be examined.   

Limitations of the Chemoprevention Adherence Literature  

While the NSABP P-1, IBIS-1 and Sister cohort studies have identified potential risk factors of 

SERM non-adherence in the prevention setting, they are not without limitations. All three studies have 

only investigated factors associated with non-adherence to SERMS and have not considered AIs. The 

major limitation of IBIS-1 is its small sample size (n=100) and limited statistical power to identify 

multiple risk factors of non-adherence (39). While endocrine therapy adherence studies have commonly 

used logistic regression and odds ratios to estimate relative risk, it has been widely acknowledged that the 

odds ratio will overestimate the relative risk when the outcome is not rare (i.e., >10%) (40–42). The 

occurrence of the outcomes of interest in the NSABP P-1 study were quiet common and varied between 

41%-91% (17). The interpretation of the odds ratio estimates reported in NSABP P-1 as relative risks may 

be dramatically overestimated and is a limitation. Land et al. also combined multiple aspects of adherence 

(i.e., compliance and discontinuation) into one outcome measure (17). While this may have been 

statistically efficient, the authors have failed to consider that there may be distinct risk factors for each of 

these different components of adherence. Furthermore, this study is limited by the use of baseline 
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participant characteristics and does not take into account whether changes in these characteristics over 

time or other factors, such as health-related quality of life, may have impacted adherence.  

Strengths of The Sister Cohort sub-study include its large sample size and observational nature 

(i.e., being conducted outside of a clinical trial) (37). However, because this sub-study matched 

participants on age at study enrollment, they were unable to examine the association between age and 

tamoxifen discontinuation. Furthermore, they relied on self-report for tamoxifen discontinuation, which 

may have been susceptible to misclassification if participants did not accurately recall when they 

discontinued therapy.  

2.6 Risk factors for non-adherence in the adjuvant setting  

The number of studies examining factors associated with endocrine therapy adherence in the 

adjuvant setting is much larger than it is in the prevention setting. Many patient, disease, treatment and 

provider factors have been hypothesized as potential predictors of non-adherence (14,15). Of potential 

interest to the prevention setting are the patient and provider-level factors. Identified patient predictors of 

non-adherence include: sociodemographic factors such as age, socioeconomic status, ethnicity, marital 

status and education level; medical factors such as overall comorbidity burden, diagnoses of psychiatric 

conditions and use of concomitant medications; and personal perceptions around the effectiveness of 

endocrine therapy (14). Provider-level factors associated with non-adherence include: poor patient-

provider communication and follow-up care with a general practitioner (43,44). 

 

Patient-level Factors 

A systematic review of studies evaluating predictors of non-adherence to oral anti-cancer agents 

identified that age extremes were consistent predictors of non-adherence among breast cancer patients 

(45–49). It is hypothesized that younger women with breast cancer face unique psychological, financial 

and medical challenges that may in turn influence their adherence to endocrine therapies (45). Owusu et 

al. suggest that the association between older age and non-adherence might be explained by the higher 
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prevalence of comorbidities, polypharmacy, cognitive impairment and lack of financial resources 

experienced by older patients (50). In terms of ethnicity and race, there is some indication that Caucasian 

women tend to be more adherent to adjuvant endocrine therapy, however results to date have been 

heterogeneous (45,49,51–53). The hypothesized association between minority women and non-adherence 

stems from demonstrated disparities in both access to health services and adherence to therapy for other 

chronic conditions (49,53). The association between marital status and adherence is also unclear. 

Hershman et al. demonstrated that married women were less likely to discontinue endocrine therapy than 

non-married women (HR: 0.82 95% CI: 0.76-0.88) (45). However, Kimmick et al. reported that non-

married women were more likely to adhere than married women (OR: 1.90 95% CI: 1.20-3.00) (54). The 

suggested association between marital status and adherence is hypothesized to be due to differences in 

social support networks (54).  In terms of socioeconomic status, again its association with adherence has 

been inconsistent. Differences between studies can potentially be attributed to differences in both the 

definition and measurement of socioeconomic status, as well as adherence. Two studies have reported 

positive associations between increasing socioeconomic status and adherence (53,54), while another 

reported no clear association between the two (45). No clear association between education level and 

adherence has been demonstrated to date, with one study reporting higher education as a protective factor 

against non-adherence and another reporting null associations between adherence and education (53,55).  

In multiple studies, increasing comorbidity burden has been associated with non-adherence to 

endocrine therapy (45,46,48,50), however one study found an inverse association between comorbidity 

burden and adherence (49). A suggested potential explanation for the association between higher 

comorbidity burden and non-adherence is that individuals with multiple comorbidities are more likely to 

take many medications which in turn may raise concerns over potential side-effects, drug interactions or 

beliefs in treatment efficacy (46). However, this explanation seems to be contradicted by the positive 

association between increasing number concomitant medications at baseline and persistence that has been 

reported by two studies in the adjuvant setting (56,57) . The authors of these two studies hypothesize that 



 

16 

 

those with heavy medication burdens may develop routines that promote adherence to their medications 

(56,57). Further research is needed to untangle the independent contributions of both overall comorbidity 

burden and concomitant medication load on adherence in the adjuvant setting.                         

The literature pertaining to mental illness and adjuvant endocrine therapy adherence has been 

inconsistent to date. Barron et al. demonstrated an association between antidepressant use, specifically 

selective serotonin re-uptake inhibitors (SSRIs), and tamoxifen discontinuation (HR: 1.41 95% CI: 1.18-

1.70) (56). The authors cite previous literature that has found depression to be associated with poor 

medication taking behavior as a potential explanation of their findings (58). Similarly, Sedjo et al. 

demonstrated an association between a diagnosis of depression and non-adherence (OR: 1.31 95% CI: 

1.19-1.43) (46). However, a large (n=17,512) prospective study of German breast cancer patients found 

that those diagnosed with depression were at decreased risk for treatment discontinuation (HR: 0.92 95% 

CI: 0.87-0.97) (59). Potential reasons for the discrepancy between the studies are likely due to the 

differences in the assessment of depression (antidepressant use vs. administrative database diagnostic 

codes) and adherence (compliance vs. discontinuation). An unexpected finding has been that breast 

cancer patients with higher anxiety levels are more likely to be compliant to adjuvant endocrine therapy 

than non-anxious participants (60). The inter-relationship between anxiety and depression in the cancer 

population is not well understood and further research between the independent effects of these conditions 

on adjuvant therapy adherence is needed (15). Personal perception about the effectiveness of endocrine 

therapy has also been identified as a factor that can influence adherence. Women with negative beliefs 

about the benefits of tamoxifen are more likely to discontinue therapy than women with positive views 

(57,61).  

 

Provider-level factors  

The Y-ME National Breast Cancer Organization administered a survey to 328 breast cancer 

patients and found that poor provider communication was a major contributor of non-adherence to their 
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adjuvant endocrine therapy (43). Only 44% of women in this sample felt that their medical provider had 

counseled them on the importance of adhering to their endocrine therapy (43). Participants identified 

improving their awareness regarding the importance of adherence for achieving better clinical outcomes 

(89%) and better management of side effects (60%) as two main strategies that providers should utilize to 

help increase adherence (43). Similarly, a French qualitative study reported that breast cancer patients felt 

they did not receive an appropriate amount of information from their physician about how endocrine 

therapies work, their importance in reducing breast cancer recurrence and the reasons as to why they were 

experiencing side-effects (44). The authors suggest that improved patient-provider communication both at 

the beginning of and during endocrine therapy treatment may help improve patient compliance and 

persistence (44). The type of physician responsible for follow-up care has also been associated with 

adherence. A retrospective database analysis of breast cancer patients in Germany found that women 

receiving follow-up treatment from a gynecologist were less likely to discontinue endocrine therapy than 

women being treated by a general practitioner (HR: 0.44 95% CI: 0.42-0.46) (59). Partridge et al. found 

that women who had received follow-up care from an oncologist before starting tamoxifen were less 

likely to discontinue than women who only received care from a general practitioner (OR: 0.80 95% CI: 

0.65-0.98) (49). The association between provider-type and persistence may have to do with differences 

in the amount of training received and the perception about endocrine therapy effectiveness between the 

medical specialties (59).  

It is clear that adherence to adjuvant endocrine therapy is a complex and multifaceted issue. 

Consistent predictors of non-adherence have been difficult to establish likely due to differences in study 

populations, definitions of adherence used and measurement of risk factors.  

2.7 Health-related quality of life  

A potential predictor of adherence in both the prevention and adjuvant settings that has not 

received much attention is health related quality of life (HRQL). The following sections will outline the 

definition of HRQL, the instruments commonly used to measure HRQL in breast cancer chemoprevention 
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trials, the HRQL experiences in MAP.3, potential risk factors of reduced HRQL in postmenopausal 

women and its postulated role as a predictor of endocrine therapy adherence.  

The World Health Organization (WHO) refers to quality of life (QOL) as an “individual’s 

perception of their position in life in the context of the culture and value systems they live and in relation 

to their goals, expectations, standards and concerns” (62). The WHO also acknowledges that QOL is a 

multidimensional construct that is affected by an “individual’s physical health, psychological state, social 

relationships, independence level, personal beliefs and relationships with their physical environment” 

(62). Au et al. define HRQL as a ‘multidimensional construct that is comprised of a person’s perception 

of their well-being and functioning (physical, psychological, cognitive and social) as affected by wellness, 

illness, treatment, ability, infirmary, quality of, and satisfaction with, care’ (63). Many conceptual 

frameworks have been put forth to help guide HRQL research, with the most cited model being the one 

developed by Wilson and Cleary and further adapted by Ferrans et al. (Figure 2.1) (64,65).  This model 

combines paradigms of health from both the biomedical and social sciences and identifies five 

components (biological function, symptoms, functional status, general health perceptions and overall 

quality of life) that are commonly measured in HRQL instruments (64). The model also acknowledges 

that both individual and environmental characteristics have the ability to impact these five components.  

Conceptual frameworks such as the one proposed by Wilson and Cleary help untangle the complex 

associations between clinical variables and HRQL outcomes and help guide HRQL research (65).   
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Figure 2.1 Conceptual framework of health-related quality of life adapted from Wilson and Cleary and 
Ferrans et al. 

 
 

2.7.1 Measurement of health-related quality of life 

It has been increasingly acknowledged that HRQL is an important concept to be measured and 

reported in studies of new medical therapies (66,67). HRQL is measured through the use of validated 

questionnaires that are completed by the participant and as such serves as a patient reported outcome. 

These questionnaires or ‘instruments’ usually consist of several questions organized into specific 

domains. Common domains amongst HRQL instruments include physical, cognitive, emotional and 

sexual functioning along with the level of symptom burden an individual may be experiencing (68). Many 

valid instruments have been developed to measure specific aspects of HRQL in both healthy and disease-

specific populations. The Medical Outcomes Study 36-item Short Form Health Survey (SF-36) has been 

widely used as a generic HRQL instrument (69–71). Individuals are asked to report on various aspects of 

their health and well being within the last four weeks. The SF-36 is comprised of 36 item questions, 35 of 

which aggregate into one of the following eight scales: bodily pain, physical functioning, general health, 

role-physical, mental health, vitality, social functioning and role-emotional. The latter four scales 

aggregate into the mental health summary measure, while the former four scales aggregate into the 
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physical health summary measure (69). The final item of the SF-36 corresponds to self-reported health 

transition and is not used to score any of the scales. The SF-36 is scored from 0 to 100 with lower scores 

corresponding to poorer HRQL than higher scores (71). The SF-36 has been demonstrated to be a valid, 

reliable and responsive instrument to measure HRQL in many diverse populations (70). While systematic 

comparisons with other generic health instruments have demonstrated that the SF-36 contains eight of the 

most common health concepts, its use in postmenopausal women has been criticized as it does not 

adequately address aspects of sexual health or menopausal symptoms, both of which may contribute to 

HRQL amongst women in this stage of life (70). Developers of the SF-36 suggest that researchers 

supplement the SF-36 with disease or symptom-specific questionnaires in order to adequately assess 

HRQL in their specific study populations (70).    

The Menopause-Specific Quality of Life Questionnaire (MENQOL) is a self-administered 

instrument that is used to assess the presence and severity of menopause-specific symptoms (72). The 

MENQOL has 29 questions that aggregate into one of four domains: vasomotor, physical, sexual and 

psychosocial functioning. Women are asked to rank the presence and level of bother of their symptoms 

within the last four weeks on a 7-point Likert scale. Higher scores on the MENQOL correspond to more 

bothersome symptoms (i.e., worse menopausal HRQL) than lower scores. The MENQOL has been 

demonstrated to be a valid, reliable and responsive instrument to assess menopausal HRQL (72).  

2.7.2 Clinically meaningful change in health-related quality of life 

The impact of new therapies on HRQL has been commonly assessed by measuring the extent by 

which HRQL has changed since baseline, when the individual was not taking therapy (73). It is often 

difficult for clinicians to decipher how much of a change in the HRQL score represents a change that is of 

importance to both their patients and practice (73). A 5-10% change in the breadth of the instrument is the 

most common definition of a clinically meaningful change that is used in the HRQL literature (74–76). 

This cut-off point has been demonstrated to be one that is perceived as important to patients and may in 

turn affect future clinical decisions (76).  
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2.7.3 Health-related quality of life in MAP.3  

Many breast cancer chemoprevention trials in postmenopausal women have commonly used the 

SF-36 and the MENQOL to assess HRQL (9,16,77). Investigators of these trials have justified the use of 

the SF-36 based on the premise that their study populations consist of generally healthy women and the 

SF-36 has been validated for use in healthy populations. The MENQOL has been used in addition to the 

SF-36 in order to capture concerns specifically related to menopausal symptoms that are not adequately 

addressed in the SF-36. Of the 4,560 participants in MAP.3, 98% completed both the SF-36 and 

MENQOL instruments at baseline (21). HRQL instrument completion remained high throughout the 

study; between 88% and 98% of women still on study therapy continued to complete these instruments at 

their follow-up visits. The a priori definition for a clinically meaningful change in HRQL was a 5-10% 

change in the breadth of the instrument (9,21). Throughout the study, a considerable proportion of 

participants (up to 50%) in both treatment groups experienced a worsening in their menopause-specific or 

general HRQL domain that met the a priori definition (21). The MENQOL domains that were 

significantly negatively affected by exemestane were the vasomotor and sexual domains. At 6-months 

post-randomization, 39% of women on exemestane reported a clinically meaningful worsening in their 

vasomotor symptoms compared to 29% of women on placebo (RR: 1.34 p<0.001) (21). Maunsell et al. 

also reported that 6-months post-randomization was the point in time where women taking exemestane 

were most likely to report being very bothered (MENQOL score ≥ 6/8) by their vasomotor symptoms 

(21). Cumulatively, about 55% of women on exemestane reported worsened vasomotor symptoms 

compared with 47% on placebo (RR: 1.17 p<0.001) (21). Similarly, 39% of women on exemestane 

reported a clinically meaningful worsening in sexual symptoms compared with 35% on placebo (RR: 1.15 

p=0.04) (21). Of the SF-36 domains, only bodily pain demonstrated a significant worsening for those on 

exemestane as compared to those on placebo (RR: 1.06 p=0.01). There were no significant differences 

with regards to clinically meaningful changes in HRQL between those on exemestane or placebo in the 

other SF-36 or MENQOL domains.  
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2.7.4 Risk factors for poor health-related quality of life among postmenopausal women  

As suggested by Wilson and Cleary, due the multidimensional nature of HRQL many factors other 

than AI use have the ability to influence HRQL including characteristics of the individual and 

environment (64). These factors may help explain why such a large proportion of participants in MAP.3 

on both exemestane and placebo experienced a worsening in their HRQL. The following sections provide 

an overview of the literature pertaining to individual characteristics (i.e., lifestyle, sociodemographic and 

medical factors) that have been associated with poor HRQL outcomes in postmenopausal women.  

 

Lifestyle factors  

The Women’s Health Initiative (WHI) observational cohort followed more than 160, 000 

postmenopausal women for up to 12 years to examine a variety of topics related to women’s health (73). 

Holohan et al. reported on the impact of cigarette smoking on physical HRQL and mortality among 

women participating in the WHI. After controlling for age, education level and ethnicity, women who 

were heavy smokers (≥15 cigarettes/day) had significantly worse HRQL scores than non-smokers in all 

physical health domains of the SF-36 cross-sectionally at baseline and prospectively at a 3-year follow-up 

(p <0.01) (78). The association between smoking and decreased HRQL was also seen in the Menopause 

Epidemiology (MEPI) cross-sectional study, that examined the impact of individual-level factors on 

HRQL in a large US population-based sample of postmenopausal women (79). Past and current smokers 

had significantly higher scores in the psychosocial, physical and vasomotor domains of the MENQOL 

than non-smokers (p<0.0001), indicating a worse HRQOL (79). Smoking has been found to increase the 

risk of vasomotor, physical and psychological symptoms experienced during menopause which in turn 

may affect a woman’s perception of her HRQL (80,81).  

Lynch et al. reported that among 161, 393 women participating in the WHI cohort, the odds of 

poor physical HRQL, as assessed by the physical component score of the SF-36, increased with 

increasing BMI category (82). This association persisted after controlling for comorbid conditions, self-

perceived health status, pain, as well as emotional, psychological, sociodemographic and lifestyle factors 
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(82). Another sub-study from the WHI cohort conducted by Braden et al. reported that postmenopausal 

women with a BMI ≥ 30 were more likely to experience worsening in bodily pain (OR: 1.54 95% CI: 

1.45-1.63) and physical functioning (OR: 1.83 95% CI: 1.71-1.95) over a three year period when 

compared to women of a normal BMI (83). In the MEPI study, overweight and obese (BMI ≥25) women 

had significantly worse HRQL in all MENQOL domains as compared to women with a normal BMI 

(p<0.05) (79). Studies have demonstrated that increased adiposity is associated with an increase in the 

frequency and severity of vasomotor symptoms (80,81,84,85). This finding is consistent with the 

thermoregulatory model of vasomotor symptoms, where increased adiposity acts as an insulator of heat 

and subsequently prevents its dissipation from the body (85,86). In addition to the effects of excess body 

weight on vasomotor symptoms, overweight and obese individuals are at increased risk for chronic 

conditions and functional disability which in turn may impact aspects of physical HRQL such as bodily 

pain and physical functioning (82). Overweight and obese individuals may also experience stigma, lower 

self-esteem, mood disorders and higher levels of stress which in turn may influence their emotional and 

psychological HRQL (82). 

In the MEPI cross-sectional study, women who engaged in physical activity more than 3 times 

per week had significantly better HRQL scores in the psychosocial, physical and sexual domains than 

women who reported lower levels of physical activity (p<0.0001) (79). The benefits of exercise on HRQL 

throughout the menopausal transition have been well documented in observational studies and are further 

supported by experimental evidence from the Alberta Physical Activity and Breast Cancer Prevention 

trial which demonstrated that a 1-year moderate-to-vigorous aerobic exercise program had a positive 

impact on physical HRQL outcomes (87,88).  

 
Medical Factors  

Braden et al. reported that postmenopausal women in the WHI cohort with an increased 

comorbidity burden, as assessed by the Charlson Comorbidity Index (CCI), were more likely to report 

worsened bodily pain (OR=1.06 per unit increase in CCI score 95% CI:1.04-1.08) and a decline in 
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physical functioning (OR=1.05 per unit increase in CCI score 95% CI:1.03-1.08) (83). Uguz et al. aimed 

to investigate the impact of psychiatric illness on QOL among 342 Turkish postmenopausal women (89). 

QOL in this study was assessed using the World Health Organization QOL Assessment-Brief 

(WHOQOL-BREF), which includes physical health, psychological health, environment and social 

relationship domains. Investigators found that depression (p<0.0001) and generalized anxiety (p<0.04) 

were significantly associated with lower levels of QOL in all domains of the WHOQOL-BREF (89). 

Other psychiatric conditions, such as panic disorder, posttraumatic stress disorder and obsessive-

compulsive disorder, were associated with lower levels of QOL in certain domains of the WHOQOL-

BREF (89). 

 

Sociodemographic Factors  

Sociodemographic variables associated with worse HRQL in the MEPI cross-sectional study 

included age, African American race, education level and employment status (79).  Those of a younger 

age (<60 years) had significantly worse HRQL in all domains of the MENQOL than older women (≥ 60 

years). It has been demonstrated that as women age there is a decline in the presence and frequency of 

menopause-related symptoms which in turn may result in an improvement in HRQL (90). African 

American women in the MEPI study had higher (more bothersome) vasomotor domain scores as 

compared to all other racial/ethnic groups (p<0.0001) (79). Other studies have found an association 

between African American race and increased severity of vasomotor symptoms which may explain the 

reported difference in vasomotor-related HRQL (91). HRQL scores for the psychosocial, physical and 

sexual domains did not vary by race/ethnicity (79).  

The associations between education, employment and HRQL in postmenopausal women are 

inconsistent. In the MEPI cross-sectional study, those with a university education had significantly lower 

scores in all MENQOL domains than all other education levels (p<0.0001), indicating a better HRQL 

(79). Women in MEPI who were employed had significantly better HRQL in the physical, psychosocial 
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and sexual domains than women in the “other” category which included unemployed, retired, 

homemakers and disabled women (p<0.01) (79).  However in a cross-sectional analysis using participants 

from the Study of Women’s Health Across the Nation (SWAN) cohort, the association between higher 

education and better HRQL varied by racial/ethnic group, with positive associations reported for Asian 

women and negative associations reported for African American and Caucasian women (92). Reasons for 

these racial differences were unclear. Furthermore, Avis et al. reported null findings for the association 

between employment status and HRQL among participants in the SWAN cohort. In a sample of Turkish 

women, Uguz et al. identified higher socioeconomic status and a higher education level as being 

positively associated with better QOL scores, however the definition of what constituted high 

socioeconomic status or education was not explicitly stated (89). In addition, other demographic and 

lifestyle factors were not controlled for in this study. It is unclear how education and employment status 

impact HRQL in postmenopausal women. Williams et al. hypothesize that having a higher level of 

education and being employed may be markers of a higher socioeconomic status, which in turn may be 

associated with increased awareness of or access to healthcare services that can help alleviate negative 

menopausal symptoms that occur during the menopausal transition (79).  

 

Limitations of the literature 

The previously mentioned studies have identified numerous potential individual-level predictors 

of HRQL among postmenopausal women; however they are not without limitations. Studies by Williams 

et al., Uguz et al. and Avis et al. are limited by their cross-sectional design making it difficult to establish 

whether the identified predictors precede poor HRQL outcomes (79,89,92). A major limitation across all 

studies is the lack of a clear and systematic definition of “poor” or “worsened” HRQL. All of the 

previously cited studies defined poor or worsened HRQL as either having a lower HRQL instrument 

score than the a priori determined reference group or experiencing any decline in HRQL instrument score 

since baseline. Since these studies did not employ the use of a pre-defined threshold of what constitutes a 
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“poor” or “worsened” HRQL, it is unclear as to whether the lower scores or changes in HRQL are 

meaningful to postmenopausal women or represent a change that would impact clinical decisions. 

Comparing the results of these studies is also difficult due to the use of different HRQL instruments, 

varied or vague measurements of the individual-level characteristics and lack of statistical control for 

potential confounders. What is apparent is that postmenopausal HRQL has the ability to be impacted by 

several factors related to the individual and environment and further methodologically rigorous studies 

are needed to clarify these relationships.  

2.7.5 Health-related quality of life as a predictor of non-adherence to endocrine therapy 

Endocrine therapies have many non-life threatening side effects, such as vasomotor, sexual and 

musculoskeletal symptoms than can impact an individual’s HRQL. It is well known that uncontrolled side 

effects are a significant predictor of non-adherence in the breast cancer treatment setting (58,93). Among 

breast cancer patients, women with better HRQL during their treatment period were less likely to 

discontinue chemotherapy even after adjusting for chemotherapy related adverse events (HR=0.97 per 

point increase in the Breast Cancer Questionnaire 95% CI: 0.95-0.99) (94). This finding demonstrates the 

importance of a patient's perception of how therapy is affecting them on their adherence to that therapy. 

While these findings pertain to women taking chemotherapy, which is known to have more serious side 

effects than endocrine therapy, it demonstrates the importance of patient reported outcomes for 

determining the acceptability of certain therapies, even if this means foregoing gains in long-term survival 

(94). If an association between HRQL and adherence is observed in the cancer treatment setting, where 

adherence is essential for positive clinical outcomes, it may also be important in the prevention setting 

where the benefits of adherence are less likely to be noticed by the patient.   

To our knowledge only one abstract has reported on the impact of HRQL on adherence to 

endocrine therapies in the prevention setting. This abstract presented at the American Society of Clinical 

Oncology 2014 annual meeting, examined the association between HRQL and adherence within the first 

year of study of the NSABP P-1 prevention trial (95). Among smokers, higher physical component 
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summary scores on the SF-36 (i.e., better physical HRQL) at 3 months post-randomization were 

associated with higher adherence within the first 12 months of study (OR=1.4 per 10 point increase 

p=0.02) (95). Among women randomized to placebo, higher mental component summary scores on the 

SF-36 (i.e., better mental HRQL) at 3 months post-randomization were associated with higher adherence 

within the first year of study (OR=1.4 per 10 point increase p<0.001) (95). Information about how 

changes in HRQL from baseline influenced adherence or why associations were seen in certain sub-

groups and not others (i.e., smokers and those on placebo) was not provided.  

2.8 Summary and Rationale    

 It is evident that adherence to endocrine therapies for treatment and prevention, both within and 

outside of clinical trials, is a major concern as non-adherence can be a barrier in the effectiveness of these 

agents. In chemoprevention trials of both SERMs and AIs approximately 20-50% of participants decide to 

discontinue study treatment (15). The major reason for premature discontinuation across chemoprevention 

trials appears to be intolerable side effects (15). However, when one looks closer at the actual difference 

in the proportion of women discontinuing treatment as a result of side effects in the experimental and 

placebo arms, the absolute difference is quite small. Specifically in MAP.3, among women discontinuing 

study therapy prematurely due to side effects the difference between the two trial arms was only 5.3% 

(9,15). The first year post-randomization appeared to be a critical time for persistence with study 

treatment, as the majority of participants that ever discontinued did so within this early period. This has 

led MAP.3 investigators to hypothesize that there may have been factors other than exemestane-related 

side effects contributing to premature discontinuation during this period. Interestingly, the first year post-

randomization is also when a large proportion of women, both on exemestane and placebo, reported a 

clinically meaningful decline in their HRQL from baseline. Worsened HRQL as a risk factor of non-

adherence to endocrine therapies such as SERMs and AIs has not been studied in a systematic manner in 

both the adjuvant and prevention settings. Furthermore, the literature pertaining to factors associated with 

worsened HRQL among postmenopausal women has been inconsistent. The primary aims of this thesis 
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project are to identify risk factors of worsening menopause-specific HRQL among women participating in 

MAP.3 and to determine whether a worsening in menopause-specific HRQL affected discontinuation (the 

most extreme form of non-adherence) within the first year of study.  

 With the publication of both the MAP.3 and IBIS-II trials, many expect AIs to be federally 

approved for chemoprevention indications in both the US and Canada. Given the more favorable side 

effect profile of AIs over SERMs, adoption of chemoprevention has been predicted to increase in the 

future (15). A recent review highlights the paucity of information regarding potential risk factors of AI 

non-adherence in the breast cancer prevention setting and underlines the need for research in this area 

(15). This thesis projects aims to identify and provide a better understanding of factors that may influence 

both HRQL outcomes and adherence to AIs which may assist physicians in appropriately monitoring and 

counseling their patients. Findings from this study may also highlight the importance of HRQL to patients 

when deciding whether or not to continue with breast cancer chemoprevention therapy.   
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Chapter 3 

Methods 

 

3.1 Study objectives  

The objectives of this thesis are:  

1. To identify factors associated with a clinically meaningful worsening in menopause-specific 

HRQL among participants of the MAP.3 chemoprevention trial.  

2. To assess the association between clinically meaningful worsening in menopause-specific HRQL, 

in addition to baseline participant characteristics, on treatment discontinuation within the first 

year of randomization.  

3.2 Overview of Main Study Design: NCIC CTG MAP.3 Trial  

This thesis project was conducted using data from a chemoprevention trial conducted by the 

NCIC Clinical Trials Group. MAP.3 was an international, multicenter, double blind, placebo-controlled 

trial that sought to investigate the potential of exemestane for breast cancer prevention in postmenopausal 

women (1). The primary end point was incidence of invasive breast cancer. Secondary endpoints included 

incidence of non-invasive breast cancer, other malignancies, benign breast disease, osteoporosis, skeletal 

fractures, cardiovascular events and HRQL.  

Women were randomized to receive exemestane (25 mg) or placebo (1 pill) taken orally every 

day for up to 5 years. A total of 4,560 women from Canada, the United States, France and Spain were 

recruited into the trial between September 2004 and March 2010, with 2,285 randomized to exemestane 

and 2,275 randomized to placebo. At baseline, information on participant’s reproductive history, family 

history of cancer, demographics, lifestyle behaviors, concomitant medication use, along with past and 
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current medical history was documented. Baseline physical measurements of height, weight, blood 

pressure and pulse were taken and a clinical breast investigation was conducted. Symptoms were assessed 

throughout the trial using the National Cancer Institute’s Common Terminology Criteria for Adverse 

Events, version 3.0. HRQL data was collected at baseline and at each follow-up visit using the Medical 

Outcomes Study 36-item Short Form Health Survey (SF-36) and the Menopause-Specific Quality of Life 

Questionnaire (MENQOL). Breast cancers could be detected through clinical breast examination during 

follow-up visits or through annual mammography.   

Post-randomization, participants visited study clinics at 6, 12, 24, 36, 48 and 60 months for 

follow-up visits. Follow-up visits consisted of a physical examination, review of concomitant medication 

use, assessment of symptoms and adverse events and HRQL instrument completion. Data was collected 

until June 2011, when the primary results of the RCT were published and trial participants were 

unblinded. 

3.2.1 Study Participants   

Postmenopausal women were deemed eligible for participation in MAP.3 if they were ≥ 50 years 

of age with no menses within the past 12 months or age < 50 with no menses within the past 12 months 

and with follicle stimulating hormone levels within the menopausal range. In addition, women were 

included for study if they had at least one of the following breast cancer risk factors: age ≥ 60 years, Gail 

score > 1.66%, or a prior diagnosis of benign breast disease (i.e., atypical ductal or lobular hyperplasia, 

lobular carcinoma in situ on breast biopsy or prior ductal carcinoma in situ treated with mastectomy). 

Women with prior hormonal replacement therapy use were included in the study as long as they had 

discontinued therapy within 3 months of randomization.  

Women were ineligible for study if they were premenopausal, known carriers of the BRCA1 or 

BRCA2 gene, had a history of invasive breast cancer or prior ductal carcinoma in situ treated with 

lumpectomy, other malignancies (except non-melanoma skin cancer, treated in situ cancer of the cervix or 
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other solid tumors treated with no evidence of disease for 5 years), had uncontrolled hypo- or 

hyperthyroidism, or chronic liver disease. 

3.3 Overview of thesis project  

The Wilson and Cleary HRQL conceptual framework served as guide for the conceptualization 

and analysis of this thesis project. A conceptual model of this thesis project is provided in Figure 3.1. The 

first manuscript aimed to identify characteristics of the individual associated with a worsening in 

menopause-specific HRQL, specifically the symptom and functional status components captured within 

the MENQOL. The second manuscript aimed to evaluate the association between a worsening in 

menopause-specific HRQL from baseline on treatment discontinuation within the first year on study. 

Furthermore, characteristics of the individual that were identified as risk factors of worsening in 

menopause-specific HRQL in Manuscript 1 were considered as potential covariates in Manuscript 2.  

Figure 3.1 Conceptual model  

 

 

For the purpose of this thesis, the study design can be classified as a prospective cohort study 

where the cohort consists of all postmenopausal women enrolled in the MAP.3 RCT, irrespective of the 

study arm to which they were randomized. Detailed information on participant characteristics was 

collected on all participants as they were enrolled in the trial between February 2004 and March 2010. 

Participants were then followed forward in time for up to 5 years. A schematic of participant follow-up 

during MAP.3 is presented in Figure 3.2. The occurrence of the outcomes of interest was collected in a 

systematic way for all study participants.  
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Figure 3.2 MAP.3 Participant Follow-up 
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3.4 Assessment of menopause-specific health-related quality of life  

A clinically meaningful worsening in menopause-specific HRQL, as assessed by the MENQOL, 

is the outcome of interest in objective 1 and the primary exposure of interest in objective 2 of this thesis. 

It was decided a priori to focus on the menopause-specific aspects of HRQL, as menopausal symptoms 

are prevalent and a common concern among this study population. They are also associated with 

aromatase inhibitor use in both the adjuvant and prevention settings. HRQL information obtained from 

the SF-36 was not included in this project, as it does not adequately capture the menopause-specific 

concerns of interest. Furthermore, previous analyses of HRQL outcomes in MAP.3 revealed that the only 

SF-36 domain negatively impacted by exemestane was bodily pain, a construct that is also captured 

within the physical domain of the MENQOL (2). The following sections describe the MENQOL 

instrument, its scoring method and a definition of what constitutes a clinically meaningful worsening in 

HRQL.  

3.4.1 The Menopause-Specific Quality of Life Questionnaire 

The MENQOL is a self-administered instrument that is used to assess the presence and severity 

of menopause-specific symptoms (3,4). The MENQOL has 29 questions that aggregate into one of four 

distinct domains: vasomotor, physical, sexual and psychosocial functioning (Appendix A). Women are 

asked to rank the presence and level of bother of their symptoms within the last four weeks on a 7-point 

Likert scale (i.e., 0-6). Higher scores on the MENQOL correspond to more bothersome symptoms (i.e., 

worse menopausal HRQL) than lower scores. A global measure of overall menopause-specific HRQL can 

also be computed by taking the mean of the four domain scores (4).The MENQOL has been demonstrated 

to be a valid, reliable and responsive instrument to assess HRQL in postmenopausal women (3). 

3.4.2 Scoring the MENQOL Questionnaire  

For each of the 29 items contained within the MENQOL, the respondent is asked to indicate 

whether they had experienced the symptom (yes or no). If a participant responded ‘No’ to an item, the 

final score was assigned ‘1’. If a participant responded ‘Yes’, the respondent is then asked to indicate 
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their level of bother for that particular symptom on a scale of 0-6. The original scores are then converted 

to a final scale of 2-8 by adding two points to ‘Yes’ responses with a rating of ‘0-6’. These responses 

indicate that a participant experienced the symptom with varying degrees of bother.  

Domain scores were computed by averaging the mean score of the items comprising that domain. 

A domain score was only computed if a participant had completed >50% of the items in that particular 

domain (3). Responses for at least two out of three, four out of seven and nine out of sixteen had to be 

present to calculate a score for the vasomotor and sexual, psychosocial and physical domains, 

respectively. A score for overall menopause-specific HRQL was computed by calculating the mean of the 

four domain scores (4). At least three out four domain scores had to have been available in order to 

compute a participant’s overall summary score (4).  

3.4.3 Definition of a clinically meaningful worsening in HRQL 

In both objectives, a clinically meaningful worsening in menopause-specific HRQL in each of the 

four domains and the summary score was defined as having a 0.5-point increase (i.e., ~7%) in the breadth 

of the MENQOL instrument from baseline. Change scores and the subsequent classification of 

experiencing a clinically meaningful worsening in HRQL could not be determined for participants with 

completely missing baseline MENQOL instruments. The “worsening” approach presented in this thesis, 

rather than the “improved” approach was in line with the clinical concerns of both clinicians and women 

considering chemoprevention, as endocrine therapies are associated with side effects that may negatively 

influence HRQL. Furthermore, HRQL in clinical trials is often seen as a way of evaluating toxicity 

burden from the perspective of the participant.   

3.5 Early discontinuation of study treatment  

Early discontinuation was defined as stopping assigned study treatment (exemestane or placebo) 

within 365 days of randomization. Participants who discontinued as a result of a breast event were not 

considered to have discontinued. Participants informed study staff about their decision to continue or 

discontinue with assigned study treatment at one of their scheduled follow-up visits. Staff then recorded 
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the date of last dose and reason for discontinuation on the follow-up report. Discontinuation information 

for this study was abstracted from the follow-up report.  

3.6 Baseline participant characteristics 

A number of baseline participant characteristics were considered as potential risk factors of both 

clinically meaningful worsening in HRQL and early study treatment discontinuation. Information on 

these factors was obtained from two initial evaluation forms completed upon entry into the MAP.3 trial. 

Study staff at each participating center completed the first form, with information abstracted from the 

participant’s medical records (Appendix B). The second form capturing sociodemographic factors was 

completed via participant interview (Appendix C).  

Sociodemographic factors  

Age at study entry was analyzed as a categorical (<50 vs. 50-59 vs. 60-74 vs. ≥75 years) variable 

in order to be consistent with previous literature. Marital status was dichotomized into married and non-

married (i.e., divorced or separated, widowed and single). Highest level of formal education was 

categorized into high school diploma or less, college diploma and university or post-graduate degree. 

Combined annual family income was categorized into <$20,000, $20,000 - $39,999, $40,000 - $59,999, 

$60,000-$79,999 and ≥$80,000. Current employment status was dichotomized into employed and not 

employed (i.e., homemakers, retired or unemployed). Race was categorized into Caucasian, African 

American and Other (i.e., Native Hawaiian or Pacific Islander, American Indian or Alaskan Native, Asian 

or Unknown). A decision to combine the minority races into the ‘Other’ category was made in order to 

reduce small cell counts, as very few participants belonged to any of these separate categories.  

Lifestyle factors  

Smoking status at baseline was categorized as never, past or current smoker. Participant’s weight 

in kilograms divided by height in meters squared (kg/m2) measured at baseline was used to calculate 

body-mass index (BMI). BMI was then categorized into: normal (<24.99), overweight (25.00-29.99) or 

obese (≥30.00). It was decided to combine those with an underweight BMI (<18.49) with those in the 
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normal category (18.50-24.99), as a very small proportion of participants (0.55%, n=25) in MAP.3 had an 

underweight BMI. The small number of underweight women would likely result in decreased precision 

and subsequently wide confidence intervals for effect estimates generated for this group. Additionally, 

our main interest was whether excess body weight was associated with both worsening in menopause-

specific HRQL and early treatment discontinuation.  

Medical factors  

The Gail model is used to estimate the 5-year probability of developing breast cancer (5–7). This 

model includes many established breast cancer risk factors such as a woman’s age at menarche, 

nulliparity, age at first live birth, number of benign breast biopsies and diagnosis of atypical hyperplasia 

(5–7). The Gail score was analyzed as a potential risk factor of discontinuation as there is some evidence 

to suggest that women with a higher risk of breast cancer are more likely to adhere to chemoprevention 

therapies (8). The Gail score was tabulated for each participant at baseline and was dichotomized into low 

risk (score <1.66%) and high risk (score ≥1.66%).  

Overall comorbidity burden was assessed using the Charlson Comorbidity Index (CCI). The CCI 

was developed based on mortality data from internal medicine patients in a single institution and includes 

19 medical conditions weighted on a severity scale from 1 to 6 with total composite scores ranging for 0 

to 37 (9). The CCI has been established as a valid and reliable instrument to assess overall comorbidity 

burden in many different patient populations and is one of the most widely used comorbidity indices in 

health research (9,10). Medical conditions needed to score the CCI were extracted from case report forms 

completed at baseline by research staff. As per instructions by Charlson et al., the individual conditions 

were scored and a final comorbidity score was assigned (9). The final CCI score was then analyzed as a 

continuous variable. Diagnoses of osteoporosis, arthritis, osteoarthritis, depression, anxiety and other 

psychiatric conditions at baseline were considered as dichotomous variables. These conditions are not 

included in the CCI and have been either hypothesized or identified as potential risk factors of poor 

menopausal HRQL or endocrine therapy discontinuation.  
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Information on the type of and total number of concomitant medications prescribed at baseline 

was extracted from the case report form. Vitamins and supplements being taken for overall health and 

prevention and not a specific medical condition or deficiency were excluded from this total. Total number 

of concomitant medications was analyzed as a continuous variable. Baseline use of calcium or 

bisphosphonate supplements and previous use of selective estrogen receptor modulators (SERMs) were 

analyzed as dichotomous variables.  

3.7 Statistical Analyses  

All statistical analyses were carried out using SAS version 9.3© (SAS Institute Inc.). Statistical 

significance was defined as a p-value ≤ 0.05. Descriptive analyses of participant characteristics, HRQL 

outcomes and study treatment discontinuation were performed prior to proceeding with the analytical 

objectives of this thesis and are presented in both manuscripts. Continuous variables were described using 

the mean and standard deviation, whereas proportions were used for categorical variables.  

3.7.1 Objective 1 

All consenting participants who completed a baseline MENQOL were initially eligible for 

inclusion in the analysis of objective 1. If a participant reported experiencing a ≥ 0.5 point increase (since 

baseline) in any of the MENQOL domain or summary scores at any of the follow-up visits, they were 

classified as worsened; otherwise they were classified as stable/improved. Potential risk factors of 

clinically meaningful worsening in specific domains and overall menopause-specific HRQL were 

identified using a time-to-event analysis. Time at randomization was defined as time zero. Time-to-

worsening was determined as the number of days from randomization to time of the first reported 

clinically meaningful worsening in each of the four MENQOL domains and summary score. Participants 

who did not experience a worsening in menopause-specific HRQL, prematurely discontinued treatment or 

were lost to follow-up were censored observations. For censored observations the ‘survival time’ was 

determined using the date of the last completed MENQOL or date of discontinuation, which ever came 
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first. Participants were also censored if they had completely missing domain scores at all follow-up visits, 

as it was unknown whether the participant had experienced the event or not.  

Time to clinically meaningful worsening in domain-specific and overall menopausal HRQL in the 

exemestane and placebo groups were described using Kaplan-Meier survival curves. Potential risk factors 

for domain-specific worsening in HRQL were determined a priori based on factors previously identified 

in the literature (Table 3.1). Treatment assignment (exemestane vs. placebo) was also considered as a 

potential risk factor of worsening in all MENQOL domains. All plausible risk factors of worsening 

HRQL in each domain of the MENQOL were considered as potential risk factors for a worsening in 

overall menopause-specific HRQL. Simple Cox proportional hazards regression analysis was used to 

generate crude (unadjusted) hazard ratios (HRs) for the pre-determined participant characteristics in each 

of the four domains along with the summary score. Independent variables that met the screening criteria 

(Wald p<0.25) were considered for inclusion in the final multivariable models. For each domain and the 

summary score, a backward elimination procedure, using a liberal p-value of 0.20, was employed to 

identify factors associated with a clinically meaningful worsening in HRQL.  Participants were also 

stratified according to treatment assignment in order to determine whether exemestane assignment 

modified the associations between participant characteristics and domain-specific worsening HRQL.  
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Table 3.1 Participant characteristics potentially associated with HRQL in each domain of the MENQOL 

MENQOL 
Domain 

Factor Hypothesized direction of association with 
domain-specific HRQL* 

Vasomotor Age Improves with increased age 
Education level Improves with increased education level 
Race Declines among minority women 
Smoking status  Declines among current smokers 
BMI Declines with increased BMI 
Comorbidity burden* Declines with increasing comorbidity burden 

Sexual Age  Improves with increased age 

Education level Improves with increased education level 

Marital status Declines among married women 

Employment status  Improves among employed women 

BMI Declines with increased BMI 

Psychiatric comorbidities ** Declines among those with psychiatric illness 

Psychosocial Age Declines with increased age  
Education level Improves with increased education level 
Employment status Improves among employed women 
Income  Improves with increasing income 
Smoking status  Declines among current smokers 
BMI Declines with increased BMI 
Psychiatric comorbidities** Declines among those with psychiatric illness 

Physical Age Declines with increased age 
Education level  Improves with increased education level 
Smoking status  Declines among current smokers 
BMI Declines with increased BMI 
Comorbidity burden* Declines with increasing comorbidity burden 
Psychiatric comorbidities** Declines among those with psychiatric illness 
Concomitant medications Declines with increasing number of medications 
Calcium/bisphosphonate 
supplementation 

Improves among those using calcium or 
bisphosphonate supplements 

 Musculoskeletal 
comorbidities***  

Declines among those with MSK comorbidities  

* As assessed by the Charlson Comorbidity Index 

**Includes diagnoses of depression, anxiety or other psychiatric conditions  

*** Includes diagnoses of osteoporosis, arthritis or osteoarthritis 
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3.7.2 Objective 2 

All consenting participants were initially eligible for inclusion in the analysis of objective 2. It is 

widely acknowledged that fitting logistic regression models and estimating odds ratios will not provide 

reliable approximations of risk when the outcome of interest is not a rare event (>10%) (11,12). Given the 

prospective nature of the MAP.3 study design and that the proportion of participants discontinuing study 

treatment within the first year of study exceeded 10%, estimates of risk were obtained using a log-

binomial regression model. The log-binomial regression model is a generalized linear model where the 

link function is the log probability of the outcome under study and the distribution of the error is binomial 

(13). For k covariates the model can be written as:  

log 𝜋 = 𝛽! +   𝛽!𝑋!+. . .+  𝛽!𝑋! 

where 𝜋 is the probability of success/failure (i.e., discontinuing study treatment) and Xi are the covariates. 

An estimate of relative risk (RR) for a particular covariate can be obtained by taking the natural logarithm 

of the coefficient (𝑒!!).  

Clinically meaningful worsening in HRQL from baseline to 6 months post-randomization in each 

of the four MENQOL domains and the summary score were the primary exposures of interest. 

Participants with incomplete MENQOL instruments at baseline and/or 6 months were excluded as change 

scores could not be computed. Separate log-binomial regression models, adjusting for treatment 

assignment, for each domain of the MENQOL and overall menopause-specific HRQL were used to assess 

the association between worsening in HRQL and early discontinuation of study treatment. A sensitivity 

analysis restricting participants to those who completed the 6-month MENQOL instrument within one 

month of discontinuing protocol therapy was performed. This was done to ensure that the MENQOL 

adequately captured the HRQL experiences of women at the time of treatment discontinuation and in 

order to limit potential exposure misclassification. 

A clinically meaningful worsening in overall menopause-specific HRQL, in addition to baseline 

participant characteristics, were then considered as potential factors associated with treatment 
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discontinuation in a multivariable model. Participant characteristics considered and their hypothesized 

associations with discontinuation are listed in Table 3.2. Simple log-binomial regression analysis was 

used to generate crude (unadjusted) RRs for the pre-determined participant characteristics and early study 

treatment discontinuation. Variables that met the variable screening criteria (Wald p<0.25) were 

considered for inclusion in the multivariable model. Selection of independent variables into the final 

model was based on a backward elimination procedure using a liberal p-value of 0.20. The final model 

consisted of factors associated with early treatment discontinuation, mutually adjusted for one another. 

Participants were then stratified by treatment assignment (exemestane or placebo) in order to determine 

whether exemestane assignment (qualitatively) modified any of the associations observed in the 

multivariable model.  

3.7.3 Missing Data  

On occasion MENQOL item responses, in addition to entire questionnaires, were missing. In 

terms of missing MENQOL items two situations arose. The first occurred when participants did not 

provide a “Yes/No” response for that particular item, but indicated a score. In this case, the item score 

was used, as it was assumed the participant experienced that symptom. The second situation occurred 

when participants responded “Yes” to an item, but did not provide a bothersome score. When this 

situation arose, the item was considered truly missing, as the degree of bother could not be determined. 

MENQOL questionnaires could be missing entirely if a participant did not attend a specific follow-up 

visit or they forgot to complete the instrument during their visit or if they refused instrument completion. 
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Table 3.2: Participant characteristics potentially associated with early treatment discontinuation 

Characteristic  Hypothesized association with early study treatment 
discontinuation  

Age Increased risk at age extremes (<50 and >75) 

Marital Status  Increased risk among non-married women 

Education level Decreased risk with increasing education 

Income Increased risk with decreasing income 

Employment status  Increased risk among employed women 

Race Increased risk among minority women 

BMI Increased risk with increasing BMI 

Smoking Status  Increased risk among current smokers 

Gail Score > 1.66% Decreased risk 

Osteoporosis diagnosis Increased risk 

Arthritis diagnosis Increased risk 

Osteoarthritis diagnosis Increased risk 

Depression diagnosis  Increased risk 

Anxiety diagnosis  Increased risk 

Other psychiatric diagnosis  Increased risk 

Comorbidity burden  Increased risk with increasing number of comorbidities 

Previous SERM use Decreased risk 

Calcium supplementation  Decreased risk 

Bisphosphonate supplementation  Decreased risk 

Total # of concomitant medications  Increased risk with increasing number of medications 

Exemestane Increased risk 

 

3.8 Study Power  

In Manuscript 1, there was no focal exposure-outcome hypothesis under evaluation but rather an 

exploratory analysis strategy to identify factors of worsening was employed. Given that there were 

multiple “exposure” variables of interest, a priori power calculations were performed using a hypothetical 

dichotomous exposure with a varying prevalence of 0.05-0.50. The number of participants with clinically 
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meaningful worsening in the sexual domain (n=1,689) was obtained from a previous publication of the 

MAP.3 HRQL outcomes (2). The sexual domain was chosen as it had the fewest number of participants 

with reported worsening, and would provide the most conservative estimate of power. An alpha level of 

0.05 and varying hazard ratios of 1.2-1.6 were also used in the determination of power. Depending of the 

prevalence of the exposure and hazard ratio to be detected, estimates of power ranged between 37-100% 

(Appendix D).  

The power of the study in Manuscript 2 refers to the ability to detect a true difference in early 

treatment discontinuation between women with a clinically meaningful worsening in menopause-specific 

HRQL and women without. Power was calculated using the traditional method for cohort studies. As this 

research question has yet to be addressed, a clinically relevant minimum detectable effect size was 

unclear. Therefore, power calculations were derived for relative risks ranging between 1.2 and 2.0, an 

alpha level of 0.05 and a fixed sample size of 4,560 participants. The proportion of participants in MAP.3 

with a clinically meaningful worsening in the sexual domain at 6 months post-randomization (i.e., 20%), 

as reported by Maunsell et al. was used, as this was the lowest proportion from the four MENQOL 

domains and would result in most conservative estimate of power (2). Between 42% and 100% power 

was generated for the relative risks ranging from 1.2-2.0, respectively (Appendix D).  

3.9 Ethical Considerations  

MAP.3 participants included in this thesis project have previously given individual informed 

consent for their information to be used for future research purposes. Ethics approval for this project was 

granted from the Health Sciences Research Ethics Board at Queen’s University in September 2014 

(Appendix E).  
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Chapter 4 

Factors associated with worsening menopause-specific health-related quality 

of life among postmenopausal women participating in the MAP.3 breast 

cancer chemoprevention trial 
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ABSTRACT  

Background: MAP.3 was a randomized, placebo-controlled trial evaluating exemestane for breast cancer 

prevention. A previous publication on the health-related quality of life (HRQL) outcomes from MAP.3 

revealed that a large proportion of women, in both trial arms, experienced a clinically meaningful 

worsening in their menopause-specific HRQL. This has led to the hypothesis that factors other than 

treatment assignment may have contributed to the worsening HRQL experiences observed within MAP.3.  

Objective: To identify participant characteristics associated with a clinically meaningful worsening in 

menopause-specific HRQL among postmenopausal women participating in the MAP.3 trial.  

Methods: Menopause-specific HRQL was assessed at baseline, 6 months and annually thereafter using 

the Menopause Quality of Life Questionnaire (MENQOL). Cox proportional hazards analysis was used to 

identify factors associated with clinically worsening in each domain of MENQOL and overall 

menopause-specific HRQL.  

Results: Factors associated with worsening menopause-specific HRQL were largely domain specific. 

Risk factors of worsening in overall menopause-specific HRQL included younger age (<50 years 

HR=1.38 95% CI: 1.01-1.89), diagnoses of depression (HR=1.22 95% CI: 1.07-1.39) or anxiety 

(HR=1.31 95% CI: 1.10-1.56), increasing concomitant medication burden (HR=1.04 per unit increase 

95% CI: 1.02-1.06) and assignment to exemestane (HR=1.22 95% CI: 1.12-1.34).  

Conclusions: Risk factors identified in this study, in addition to exemestane assignment, help explain 

why such a large proportion of women experienced a clinically meaningful worsening in menopause-

specific HRQL during MAP.3. The results of this prospective study add to the growing literature on 

HRQL in postmenopausal women.  
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4.1 Background 

Health-related quality of life (HRQL) is acknowledged as an important outcome to be measured 

and reported in studies of new medical therapies (1,2). HRQL has been defined as ‘a multidimensional 

construct that is comprised of a person’s perception of their well-being and functioning as affected by 

wellness, illness, treatment, ability, infirmary, quality of, and satisfaction with, care’ (3). The HRQL 

experiences of women participating in the Mammary Prevention.3 (MAP.3) chemoprevention trial of 

exemestane for breast cancer prevention have previously been reported by Maunsell et al. (4). This 

analysis focused on the differences in both general and menopause-specific HRQL between trial arms 

(exemestane vs. placebo) as assessed by the Medical Outcomes Study 36-item Short Form Health Survey 

(SF-36) and the Menopause Quality of life Questionnaire (MENQOL), respectively. Exemestane had 

some negative influence on vasomotor symptoms, predominantly among the youngest women in the trial 

(4). Other aspects of HRQL that were significantly negatively affected by exemestane included sexual 

symptoms and bodily pain (4). Despite the statistical significance between trial arms, the proportions of 

women reporting a worsening in these domains were quite similar (4). Furthermore, up to 50% of 

participants in both trial arms experienced worsening in menopause-specific HRQL at least once while on 

study (4).   

Given the small impact of exemestane, it is hypothesized that factors other than treatment 

assignment may have contributed to the large proportion of women experiencing a worsening in HRQL 

within MAP.3. A number of studies have investigated the association between sociodemographic, 

lifestyle and medical factors on poor HRQL outcomes among postmenopausal women (5–10). However, 

common limitations such as the use of a cross-sectional design, limited sample sizes and lack of a clear 

definition of what constitutes a worsened state of HRQL have resulted in largely inconsistent results to 

date. The current study provides the opportunity to explore factors associated with worsening 

menopausal-related HRQL in a large, prospective cohort of healthy postmenopausal women. The primary 
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objective of this exploratory analysis is to identify factors associated with a clinically meaningful 

worsening in domain-specific and overall menopausal HRQL as assessed by the MENQOL.  

4.2 Methods 

Overview of NCIC CTG MAP.3 Trial 

The NCIC CTG MAP.3 trial was a phase III, multi-center, randomized controlled trial evaluating 

exemestane for breast cancer prevention in postmenopausal women (11). Women were randomized to 

receive exemestane (25 mg) or placebo taken orally every day for up to 5 years. A total of 4,560 women 

from Canada, the United States, France and Spain were recruited into the trial between September 2004 

and March 2010. The primary end point was incidence of invasive breast cancer. Full details of the 

MAP.3 trial have been reported elsewhere (11). 

Study Participants 

Postmenopausal women were deemed eligible for participation in MAP.3 if they were ≥ 50 years 

of age with no menses within the past 12 months or age < 50 with no menses within the past 12 months 

and with follicle stimulating hormone levels within the menopausal range. In addition, women could also 

be included for study if they had at least one of the following breast cancer risk factors: age ≥ 60 years, 

Gail score > 1.66%, or a prior diagnosis of benign breast. Women were ineligible for study if they were 

premenopausal, known carriers of the BRCA1 or BRCA2 gene, had a history of invasive breast cancer or 

prior ductal carcinoma in situ treated with lumpectomy, other malignancies, had uncontrolled hypo- or 

hyperthyroidism, or chronic liver disease. 

Assessment of Menopause-specific HRQL 

Menopause-specific HRQL was assessed using the MENQOL at baseline, 6 months and at each 

yearly follow-up visit until trial completion. The MENQOL is a self-administered instrument used to 

assess the presence and severity of menopause-specific symptoms within the last four weeks (12,13). The 

MENQOL has 29 questions that aggregate into one of four domains: vasomotor, physical, sexual and 

psychosocial functioning. Participants are asked to rank the presence and level of bother of their 
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symptoms on a 7-point Likert scale. Higher scores on the MENQOL correspond to more bothersome 

symptoms (i.e., worse HRQL) than lower scores. A holistic measure of menopause-specific HRQL can be 

ascertained through the overall MENQOL score, which is calculated by averaging the four domain scores. 

The MENQOL has been demonstrated to be a valid, reliable and responsive instrument to assess 

menopause-specific HRQL (12,13).  

Baseline Participant Characteristics  

Based on a review of the current literature, a number of participant characteristics had the 

potential to be associated with worsening in menopause-specific HRQL. Sociodemographic factors 

included age, marital status, education level, combined annual family income, current employment status 

and race. Lifestyle factors included smoking status and body mass index (BMI). Overall comorbidity 

burden was assessed using the Charlson Comorbidity Index (14). Musculoskeletal comorbidities of 

interest included osteoporosis, arthritis and osteoarthritis.  Diagnoses of depression, anxiety and other 

psychiatric conditions at baseline were also considered. Use of concomitant medications and supplements 

was also considered. Information on these characteristics was obtained from two initial evaluation forms 

completed upon entry into the MAP.3 trial. Study staff at each participating center completed the first 

form, with information abstracted from the participant’s medical records. The second form capturing 

sociodemographic factors was completed via participant interview.  

Statistical Analyses  

Statistical analyses were conducted using SAS version 9.3© (SAS Institute). Statistical 

significance was defined as a p-value ≤ 0.05. All consenting participants who completed a baseline 

MENQOL were initially eligible for inclusion in this analysis. As suggested by Hilditch et al., a score for 

each MENQL domain was calculated for participants that completed >50% or more of the items within 

that specific domain (12).  An overall summary score was calculated for participants with 3 or more 

available domain scores. If a participant reported experiencing a ≥ 0.5 point increase (since baseline) in 

any of the MENQOL domains or summary scores at any of the follow-up visits, they were classified as 
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worsened; otherwise they were classified as stable/improved. The 0.5 point increase from baseline 

corresponds to a 5-10% change in the breadth of the instrument, which is the most widely accepted 

definition of a clinically meaningful change used in the HRQL literature (15–17).   

Potential risk factors of clinically meaningful worsening in domain-specific and overall 

menopausal HRQL were identified using a time-to-event analysis. Time at randomization was defined as 

time zero. In each of the four MENQOL domains and the overall summary score, time-to-worsening was 

determined as the number of days from randomization to time of the first reported clinically meaningful 

worsening. Participants who did not experience a worsening, prematurely discontinued treatment or were 

lost to follow-up were censored observations. For censored observations the ‘survival time’ was 

determined using the date of the last completed MENQOL or date of discontinuation, which ever came 

first. Participants were also censored if they had completely missing domain scores at all follow-up visits, 

as it was unknown whether the participant had experienced the event or not.  

Time to clinically meaningful worsening in domain-specific and overall menopausal HRQL in the 

exemestane and placebo groups were described using Kaplan-Meier survival curves. Potential risk factors 

for domain-specific worsening in HRQL were determined a priori based on factors previously identified 

in the literature. Treatment assignment (exemestane vs. placebo) was considered as a potential risk factor 

of worsening in all MENQOL domains. All plausible risk factors of worsening in each domain were 

considered as potential risk factors for a worsening in overall menopause-specific HRQL. Simple Cox 

proportional hazards regression analysis was used to generate crude (unadjusted) hazard ratios (HRs) and 

95% confidence intervals (CIs) for the pre-determined participant characteristics in each of the four 

domains along with the summary score. After variable screening, a backward elimination procedure, 

using a liberal p-value of 0.20, was utilized to identify factors associated with a clinically meaningful 

worsening in each domain and summary score. Participants were stratified according to treatment 

assignment in order to determine whether exemestane assignment modified the associations between 

participant characteristics and worsening in menopause-specific HRQL. Upon stratification, no 
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quantitative differences, in both direction and strength, were apparent between treatment arms; therefore 

results presented in this manuscript are for the entire study sample. Results of the stratified analysis are 

provided in Tables F.1-F.5 of the supplementary results section (Appendix F).  

4.3 Results  

Of the original 4,560 women enrolled in the MAP.3 trial, 4,508 (98.9%) had submitted a baseline 

MENQOL questionnaire. Baseline characteristics for these 4,508 participants are presented in Table 4.1. 

Baseline characteristics did not vary by trial arm (results not shown). Table 4.2 presents MENQOL 

instrument compliance by follow-up visit for those continuing with study treatment. The sample size 

available for the analysis of each domain varied between 4,138 and 4,326 as not all participants had 

complete domain scores available during follow-up. The number of women experiencing a clinically 

meaningful worsening in each of the vasomotor, sexual, psychosocial and physical domains of the 

MENQOL was 2,170, 1,492, 2,155 and 2,326, respectively. Table F.6 of the supplementary results 

presents the incidence of worsening by domain for the duration of the trial (Appendix F).  In all domains, 

the highest proportion of incident cases occurred within the first year post-randomization.  

Vasomotor Domain 

 Of the 4,508 participants initially eligible for analysis, 4,326 had a complete vasomotor domain 

score at least once during follow-up. Those on exemestane reported worsening earlier than those on 

placebo (log-rank p<0.0001). The median time to decline for the exemestane arm was 399 days (13.1 

months), whereas median time to decline was 1,092 days (35.9 months) for the placebo arm (Figure 4.1).  
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Figure 4.1: Time-to-worsening for vasomotor domain by treatment allocation

 

Baseline participant characteristics that were hypothesized a priori to be related to a worsening in 

vasomotor symptoms included age, education level, race, smoking status, BMI, comorbidity score and 

assignment to exemestane. Table 4.3 presents the crude HRs and 95% CIs for each potential factor of 

worsening. A final model based on a backward elimination procedure is also presented in Table 4.3. 

Being assigned to exemestane was the strongest risk factor associated with a decline in vasomotor 

symptoms (HR: 1.29 95% CI: 1.19-1.41). Women aged 50-59 years were significantly more likely to 

experience a worsening in their vasomotor symptoms as compared to women aged 60-74 (HR: 1.18 95% 

CI: 1.07-1.29). The oldest women (≥75 years) were 36% less likely to experience worsening as compared 

to those aged 60-74 (HR: 0.64 95% CI: 0.51-0.79). Obese women (BMI ≥30) were significantly more 

likely to experience a worsening in their vasomotor symptoms as compared to women with a normal BMI 

(HR: 1.18 95% CI: 1.06-1.31).  

 
Sexual Domain  

Of the 4,508 participants initially eligible for analysis, 4,138 had a complete sexual domain score 

at least once during follow-up. Similar to the vasomotor domain, those on exemestane reported worsening 

in their sexual symptoms earlier than those on placebo (log-rank p=0.03). Median time to decline was 
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1,463 days (48.1 months) in the exemestane arm and 1,823 days (59.9 months) in the placebo arm 

(Figure 4.2).  

Figure 4.2: Time-to-worsening for sexual domain by treatment allocation 

 

Baseline participant characteristics that were hypothesized a priori to be associated with a 

worsening in sexual symptoms included age, marital status, education level, employment status, BMI, 

psychiatric comorbidities and exemestane. Table 4.4 presents the crude HRs and 95% CIs for each 

hypothesized factor of worsening and results of the final multivariable model. Having a psychiatric 

condition, other than depression or anxiety, was the strongest risk factor for worsening in sexual 

symptoms (HR: 1.50 95% CI: 1.04-2.16). Those diagnosed with depression, were 50-59 years of age or 

were assigned to exemestane also had a significantly increased risk of worsening in sexual symptoms. In 

contrast, women aged 75 years or older, who were not married and had obtained a university education or 

higher were at decreased risk of worsening in sexual symptoms.  

  

Psychosocial Domain  

The number of participants with at least one complete psychosocial domain score post-

randomization, and thus eligible for this analysis, totaled 4,297 participants. As demonstrated in Figure 

4.3, the Kaplan-Meier curves were not significantly different between treatment arms for the psychosocial 
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domain (log-rank p=0.92). The median time-to-decline was 742 days (24.4 months) for those randomized 

to exemestane and 738 days (24.2 months) for those on placebo. 

Figure 4.3: Time-to-worsening for psychosocial domain by treatment allocation 

 

Baseline participant characteristics that were hypothesized a priori to be associated with a 

worsening in psychosocial functioning included age, education level, employment status, income, 

smoking status, BMI, psychiatric comorbidities and exemestane. Table 4.5 presents the crude HRs and 

95% CIs for each hypothesized factor of worsening in the psychosocial domain and results of the final 

multivariable model. The strongest risk factor for worsening in psychosocial functioning was a diagnosis 

of a psychiatric condition other than depression or anxiety (44% increased risk). Other significant risk 

factors associated with psychosocial worsening included diagnoses of depression or anxiety, obese BMI 

and being 50-59 years of age. While there was a positive significant association between certain income 

groups (i.e., lowest and second highest) and risk of worsening, there was no clear pattern between the 

various income groups and worsening in psychosocial functioning.  

 

Physical Domain 

There were 4,290 participants with at least one complete physical domain score post-
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randomization. The Kaplan-Meier curves were not significantly different between treatment arms for the 

physical domain as demonstrated in Figure 4.4 (log-rank p=0.09). However, for the most part, it can be 

observed that those on exemestane experienced a slightly greater rate of decline than those on placebo. 

The median time-to-decline was 716 days (23.5 months) for those randomized to exemestane and 728 

days (23.9 months) for those on placebo.  

Figure 4.4: Time-to-worsening for physical domain by treatment allocation 

 

Baseline participant characteristics that were hypothesized a priori to be associated with a 

worsening in physical functioning included age, education level, smoking status, BMI, comorbidity score, 

psychiatric comorbidities, musculoskeletal comorbidities, calcium and bisphosphonate supplementation, 

total number of concomitant medications and exemestane assignment. Table 4.6 presents the crude HRs 

and 95% CIs for each hypothesized factor of worsening and results of the final multivariable model. With 

each additional concomitant medication being taken at baseline, the risk of experiencing a worsening in 

physical functioning increased by 5% (HR: 1.05 per unit increase 95% CI: 1.04-1.06). Those taking 

bisphosphonate supplements were 13% less likely to experience a decline in physical functioning as 

compared to those who were not taking these supplements (HR: 0.87 95% CI: 0.79-0.97). No significant 

associations were observed for education, other psychiatric conditions, exemestane and worsening in 

physical functioning. 



 

63 

 

Overall Menopause-specific HRQL 

At least one summary score was available for 4,287 women since study enrolment. Time-to-first 

worsening was significantly shorter among those randomized to exemestane (log-rank p<0.0001). The 

median time to decline for the exemestane arm was 745 days (24.5 months), whereas median time to 

decline was 1,106 days (36.3 months) for the placebo arm (Figure 4.5).  

Figure 4.5: Time-to-worsening for overall menopause-specific HRQL by treatment allocation 

 

All participant characteristics that were considered in the domain-specific analyses were included 

as potential factors associated with a worsening in overall menopause-specific HRQL. Table 4.7 presents 

the crude HRs and 95% CIs for each hypothesized factor of worsening along with results of the final 

multivariable model. The strongest risk factor of worsening in overall menopause-specific HRQL was 

being 50 years of age or younger (38% increased risk). Other significant risk factors of worsening 

included diagnoses of anxiety (31% increased risk) or depression (22% increased risk), exemestane 

assignment (22% increased risk) and increasing number of concomitant medications (4% increased risk 

per additional medication). Factors significantly associated with a decreased risk of worsening included 

not being married (12% decreased risk) and use of calcium (14% decreased risk) or bisphosphonate (16% 

decreased risk) supplements.  
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4.4 Discussion 

The cumulative proportion of women reporting a clinically meaningful worsening in menopause-

specific HRQL in both the exemestane and placebo arms of the MAP.3 trial was as high as 50%, calling 

into question whether these changes could be solely attributed to exemestane. We undertook an 

exploratory analysis among women participating in MAP.3 to identify factors, in addition to exemestane, 

that may contribute towards worsening HRQL (domain-specific and overall) in postmenopausal women 

over time. A number of individual-level factors related to worsening in both domain-specific and overall 

menopausal HRQL were identified. Consistent with the previously reported HRQL data from MAP.3, our 

results indicate that exemestane is associated with worsening in the vasomotor and sexual domains of the 

MENQOL and does not negatively impact psychosocial or physical functioning (4).  

Women between the ages of 50 and 59 years were more likely to experience a worsening in their 

vasomotor, sexual and psychosocial functioning, a finding that is consistent with the previous literature 

(5). Furthermore, the oldest women (≥75 years) were less likely to experience worsening in these 

domains. These findings may be explained by the fact that the frequency and severity of vasomotor 

symptoms tend to decrease with increasing age. Additionally, as women age they may become 

accustomed to or develop strategies to alleviate their vasomotor and sexual symptoms and are thus less 

likely to report a worsening in these symptoms. We hypothesized that the youngest women (<50 years) 

would be at the highest risk for worsening in the vasomotor and sexual domains; however we did not 

observe a significant association for this age group in the multivariable models. However, when all 

domains were combined in the measure of overall menopause-specific HRQL, the youngest women were 

significantly more likely to experience worsening than women in the reference age group. Other 

sociodemographic factors such as marital status, education level and income were related with worsening 

in certain domains of the MENQOL.  

MAP.3 participants with an obese BMI were at an increased risk for worsening in vasomotor and 

psychosocial domains. In observational studies, a consistent association between increasing BMI and 
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vasomotor symptoms has been observed and many physiological mechanisms have been put forth to 

explain this observation (5,18–20). The finding of worsened psychosocial functioning among obese 

women may be explained by the experiences of stigma, lower self-esteem and higher levels of stress 

commonly experienced by this group (7). Given the modifiable nature of BMI, educating women about 

the benefits of maintaining a healthy body weight, not only on overall physical and mental health but also 

in relation to menopausal symptoms, may help improve HRQL during this life stage.  

Psychiatric comorbidities, including depression and anxiety, appear to be important risk factors of 

worsening in overall menopause-specific HRQL along with sexual and psychosocial functioning. While 

cross-sectional studies have demonstrated that women with these conditions have poorer ratings of their 

HRQL, this study has identified psychiatric comorbidities as contributors to worsening in HRQL 

overtime (9). To our knowledge, this is the first study identifying increasing medication burden as a risk 

factor of worsening in physical functioning and overall menopause-specific HRQL among 

postmenopausal women. We hypothesize that those taking multiple medications may be more likely to 

experience drug interactions that may result in physical symptoms such as fatigue and pain. 

Supplementation with bisphosphonate and calcium may mitigate some of the negative impacts that 

general ageing has on bone and joint health, which may explain the protective association observed 

between use of these supplements and worsening in physical functioning.  

Our analysis focused on factors related to menopause-specific HRQL, as the symptoms captured 

within the MENQOL are highly prevalent and of concern among postmenopausal women. While the 

MAP.3 trial also assessed HRQL using the SF-36, we felt that it would not adequately capture aspects 

related to menopause-specific HRQL. Furthermore, previous analyses of the MAP.3 HRQL outcomes 

revealed no significant differences between trial arms in all SF-36 domains except bodily pain, a construct 

that is also captured within the physical function domain of the MENQOL.  

Participants included in the MAP.3 trial were postmenopausal and were not actively going 

through the menopausal transition. A woman is considered to be in the postmenopausal period 12 months 
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after her last menstrual period. However, many women continue to experience menopausal symptoms 

such as hot flashes, night sweats and vaginal changes, during the postmenopausal period. This was 

evident in MAP.3 through the large proportion of women experiencing a worsened menopausal HRQL 

within the placebo arm of the trial. The use of a placebo arm is a key strength of this study as it helps to 

differentiate whether the worsened menopausal HRQL experiences were due to the natural progression of 

this life transition or was induced by exemestane. As risk factors associated with worsened menopausal 

HRQL did not vary substantially by treatment assignment, the estimates observed in the multivariable 

models are reflective of all postmenopausal in this study sample.  

Our study has some limitations. An overall measure of menopause-specific HRQL was obtained 

by averaging the scores of the four MENQOL domains. While the developers of the MENQOL have 

validated this measure, using this measure assumes that each domain is of equal importance to an 

individual’s HRQL. However, given that HRQL is a subjective construct this may not be true for all 

participants and this assumption is an inherent limitation of using this summary measure. While there was 

very little missing data for the majority of the baseline participant characteristics considered, 15% of 

participants were missing information on their annual combined family income. We also suspect that the 

measurement of income in our study may have been affected by measurement error as a result of 

participants not accurately reporting their family income. Both measurement error and missing 

information may have contributed to the unclear pattern of association between income and worsening in 

psychosocial functioning. MAP.3 did not collect physical activity, alcohol consumption and social 

support information on all participants and we were unable to assess the associations between these 

modifiable risk factors with worsened menopause-specific HRQL. The generalizability of this study to 

the general North American postmenopausal population may be limited as MAP.3 participants were 

predominantly Caucasian (93%), had a university bachelors degree or higher (43%) and were never 

smokers (54%). In contrast, a population-based study of North American postmenopausal women 

reported 80% were Caucasian, 23% had a post-secondary education and 40% were never smokers (5).  
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Methodological strengths of this study include its prospective design, large sample size and well-

defined definition worsened HRQL that is widely accepted in the HRQL literature. There was also very 

little missing data for the majority of baseline characteristics analyzed as the NCIC CTG employed 

rigorous quality control measures when collecting data during the conduct of the MAP.3 trial. Given that 

information was collected in a systematic way for all participants and that study staff were blinded to 

group assignment, the potential for differential misclassification of participant characteristics in this study 

is low. The use of a valid, reliable and sensitive instrument (i.e., the MENQOL) is also a key strength of 

this study.  

4.5 Conclusions 

In addition to exemestane assignment, the large proportion of women experiencing a clinically 

meaningful worsening in menopause-specific HRQL can also be explained by other risk factors identified 

in this study. Women who were of a younger age, higher BMI, diagnosed with psychiatric comorbidities 

and taking a number of medications were more likely to experience a worsening in their menopause-

specific HRQL during MAP.3. The results of this prospective study add to the growing literature on 

HRQL in postmenopausal women and are relatively consistent with many of the previously identified risk 

factors of poor HRQL observed in cross-sectional studies. These results may help guide the data 

collection and analysis of future experimental and observational studies reporting on HRQL outcomes 

within the postmenopausal population. Furthermore, these results may assist physicians in appropriately 

counseling their patients with respect to their personal risk of negative changes in menopause-specific 

HRQL while taking exemestane.  
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Table 4.1: Baseline participant characteristics  
Individual Characteristics N (%) / Mean (SD) 
Age (years) 
<50 
50-59 
60-74 
≥75 

 
83 (1.84) 

1335 (29.61) 
2815 (62.44) 

275 (6.10) 

Non-married 1625 (36.05) 

Highest Level of Education 
High School or less  
College Diploma 
University Degree 

 
1180 (26.23) 
1403 (31.19) 
1915 (42.57) 

Income 
≤ $20 000 
$20 000 - 39 999 
$40 000 - 59 999 
$60 000 - 79 999 
≥ $80 000 
Missing 

 
336 (7.45) 

702 (15.57) 
751 (16.66) 
634 (14.06) 

1392 (30.89) 
693 (15.37) 

Race 
Caucasian  
African American 
Other Races 

 
4210 (93.39) 

210 (4.66) 
88 (1.95) 

Currently employed 
Missing 

2189 (48.56) 
12 (0.27) 

BMI 
Normal (<24.99) 
Overweight (25.00-29.99) 
Obese (≥30.00) 
Missing 

 
1279 (28.37) 
1542 (34.21) 
1677 (37.20) 

10 (0.22) 

Smoking Status  
Never  
Past  
Current 

 
2456 (54.48) 
1742 (36.84) 

310 (6.88) 

Osteoporosis  387 (8.58) 
Arthritis 492 (10.91) 
Osteoarthritis 226 (5.01) 
Depression 602 (13.35) 
Anxiety 275 (6.10) 
Other psychiatric condition 73 (1.62) 
Charlson comorbidity index score (continuous) 0.20 (0.47) 
Number of concomitant medications (continuous)  4.63 (2.99) 
Calcium supplementation 2614 (57.99) 
Bisphosphonate supplementation 831 (18.43) 
Exemestane  2254 (50.00) 
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Table 4.1 (continued) 

MENQOL Domain Scores  
Vasomotor 
Sexual 
Psychosocial 
Physical 

 
2.35 (1.61) 
2.05 (1.63) 
2.20 (1.17) 
2.55 (1.13) 
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Table 4.2 MENQOL instrument compliance by study visit 

Study Visit No. MENQOL Instruments Submitted/Expected (%) 
Baseline 4,508/4,560 (98.9%) 
6 months 4,370/4,508 (96.9%) 

12 months 3,907/4,009 (97.5%) 
24 months 3,299/3,566 (92.5%) 
36 months 2,351/2,677 (87.8%) 
48 months 1,567/1,847 (84.8%) 
60 months 781/1,052 (74.2%) 
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Table 3.3: Participant characteristics associated with clinically meaningful worsening in the vasomotor 
domain of the MENQOL  
 N=4,326 Unadjusted Adjusted 
 HR (95% CI) p-value HR* (95% CI) 
Age (years) 
<50 
50-59 
60-74 
≥75 

 
1.19 (0.87-1.62) 
1.17 (1.07-1.29) 

1.00 (ref) 
0.62 (0.50-0.77) 

<0.0001 
 

 
1.16 (0.85-1.59) 
1.18 (1.07-1.29) 

1.00 (ref) 
0.64 (0.51-0.79) 

Highest Level of Education 
High School or less  
College Diploma 
University Degree 

 
1.00 (ref) 

1.07 (0.95-1.20) 
0.93 (0.83-1.03) 

0.02  
1.00 (ref) 

1.08 (0.97-1.21) 
0.95 (0.86-1.06) 

Race 
Caucasian  
African American 
Other Races  

 
1.00 (ref) 

1.05 (0.85-1.30) 
0.90 (0.65-1.24) 

0.72  
-- 

BMI 
Normal  
Overweight  
Obese  

 
1.00 (ref) 

1.05 (0.94-1.17) 
1.19 (1.07-1.33) 

0.01  
1.00 (ref) 

1.06 (0.94-1.18) 
1.18 (1.06-1.31) 

Smoking Status  
Never  
Past  
Current  

 
1.00 (ref) 

1.08 (0.99-1.19) 
1.16 (0.98-1.38) 

0.09  
-- 

Charlson Comorbidity Index score 1.04 (0.95-1.14) 0.36 -- 
Exemestane 1.30 (1.19-1.41) <0.0001 1.29 (1.19-1.41) 
* Mutually adjusted for all other variables in the model 
-- Not included in final multivariable model 
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Table 4.4: Participant characteristics associated with clinically meaningful worsening in the sexual 
domain of the MENQOL 
 N=4,138 Unadjusted Adjusted  
 HR (95% CI)  p-value HR* (95% CI) 
Age 
<50 
50-59 
60-74 
≥75 

 
1.41 (0.98-2.02) 
1.45 (1.30-1.61) 

1.00 (ref) 
0.60 (0.45-0.77) 

<0.0001  
1.37 (0.95-1.96) 
1.37 (1.23-1.53) 

1.00 (ref) 
0.69 (0.52-0.90) 

Non-married 0.49 (0.43-0.54) <0.0001 0.50 (0.44-0.57) 

Highest Level of Education 
High School or less 
College Diploma 
University Degree 

 
1.00 (ref) 

0.94 (0.82-1.08) 
0.84 (0.74-0.96) 

0.02  
1.00 (ref) 

0.94 (0.82-1.07) 
0.87 (0.76-0.98) 

Currently employed 0.91 (0.82-1.01) 0.06 -- 

BMI 
Normal  
Overweight  
Obese  

 
1.00 (ref) 

0.91 (0.80-1.03) 
0.91 (0.80-1.03) 

0.23  
-- 
 

 

Depression 1.30 (1.13-1.50) <0.0001 1.33 (1.15-1.53) 
Anxiety 1.31 (1.07-1.61) 0.01 -- 
Other psychiatric condition 1.40 (0.97-2.01) 0.07 1.50 (1.04-2.16) 
Exemestane 1.12 (1.01-1.24) 0.03 1.13 (1.02-1.25) 
*Mutually adjusted for all other variables in the model  
-- Not included in final multivariable model 
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Table 4.5: Participant characteristics associated with clinically meaningful worsening in the psychosocial 
domain of the MENQOL 
 N=4,297 Unadjusted Adjusted  
 HR (95% CI) p-value HR* (95% CI) 
Age 
<50 
50-59 
60-74 
≥75 

 
1.29 (0.95-1.77) 
1.07 (0.97-1.17) 

1.00 (ref) 
1.05 (0.88-1.25) 

0.25  
1.29 (0.92-1.81) 
1.11 (1.00-1.24) 

1.00 (ref) 
1.11 (0.91-1.34) 

Highest Level of Education 
High School or less 
College Diploma  
University Degree 

 
1.00 (ref) 

0.90 (0.81-1.01) 
0.83 (0.75-0.93) 

<0.01  
-- 

Currently employed 0.98 (0.90-1.07) 0.70 -- 

Income 
≤ $20 000 
$20 000 - 39 999 
$40 000 - 59 999 
$60 000 - 79 999 
≥ $80 000 

 
1.16 (0.97-1.39) 
1.23 (1.08-1.39) 
1.15 (1.01-1.31) 
1.16 (1.01-1.33) 

1.00 (ref) 

0.02  
1.12 (0.93-1.34) 
1.21 (1.06-1.38) 
1.12 (0.98-1.28) 
1.16 (1.01-1.33) 

1.00 (ref) 

BMI 
Normal  
Overweight  
Obese  

 
1.00 (ref) 

1.14 (1.03-1.28) 
1.25 (1.12-1.39) 

<0.01  
1.00 (ref) 

1.11 (0.98-1.25) 
1.22 (1.09-1.38) 

Smoking Status  
Never  
Past  
Current  

 
1.00 (ref) 

1.07 (0.98-1.17) 
1.04 (0.87-1.24) 

0.37  
-- 

Depression 1.34 (1.19-1.51) <0.0001 1.28 (1.13-1.46) 
Anxiety 1.28 (1.07-1.52) <0.01 1.26 (1.05-1.52) 
Other psychiatric conditions 1.50 (1.10-2.05) 0.01 1.44 (1.03-2.00) 
Exemestane 1.00 (0.92-1.08) 0.92 -- 
*Mutually adjusted for all other variables in the model  
-- Not included in final multivariable model 
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Table 4.6: Participant characteristics associated with clinically meaningful worsening in the physical 
domain of the MENQOL 
 N=4,290 Unadjusted Adjusted  
 HR (95% CI) p-value HR* (95% CI) 
Age 
<50 
50-59 
60-74 
≥75 

 
0.84 (0.60-1.17) 
0.95 (0.87-1.04) 

1.00 (ref) 
1.16 (0.98-1.36) 

0.11  
-- 

Highest Level of Education 
High School or less  
College Diploma 
University Degree 

 
1.00 (ref) 

1.08 (0.97-1.21) 
0.93 (0.84-1.04) 

<0.01  
1.00 (ref) 

1.06 (0.95-1.18) 
0.93 (0.84-1.03) 

BMI 
Normal  
Overweight 
Obese  

 
1.00 (ref) 

1.15 (1.04-1.28) 
1.20 (1.08-1.33) 

<0.01  
-- 

Smoking Status  
Never 
Past  
Current 

 
1.00 (ref) 

1.08 (0.99-1.17) 
1.01 (0.85-1.20) 

0.23  
-- 

Osteoporosis  0.99 (0.86-1.15) 0.91 -- 
Arthritis 1.16 (1.02-1.32) 0.02 -- 
Osteoarthritis 1.23 (1.03-1.47) 0.02 -- 
Depression 1.07 (0.95-1.20) 0.28 -- 
Anxiety 1.14 (0.96-1.36) 0.12 -- 
Other psychiatric conditions 1.43 (1.07-1.91) 0.01 1.31 (0.98-1.74) 
Number of concomitant 
medications 

1.05 (1.04-1.06) <0.0001 1.05 (1.04-1.06) 

Calcium supplementation 1.00 (0.92-1.09) 0.99 -- 
Bisphosphonate supplementation 0.93 (0.84-1.03) 0.17 0.87 (0.79-0.97) 
Charlson comorbidity index score 1.13 (1.04-1.22) <0.01 -- 
Exemestane 1.07 (0.99-1.17) 0.09 1.07 (0.99-1.16) 
* Mutually adjusted for all other variables in the model  
-- Not included in final multivariable model 
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Table 4.7: Participant characteristics associated with clinically meaningful worsening in overall 
menopause-specific HRQL 
 N=4,287 Unadjusted Adjusted 
 HR (95% CI) p-value HR* (95% CI) 
Age 
<50 
50-59 
60-74 
≥75 

 
1.47 (1.08-2.00) 
1.10 (0.99-1.21) 

1.00 (ref) 
0.83 (0.68-1.01) 

<0.01  
1.38 (1.01-1.89) 
1.09 (0.98-1.20) 

1.00 (ref) 
0.89 (0.73-1.09) 

Non-married 0.89 (0.81-0.97) 0.01 0.88 (0.80-0.97) 
Highest Level of Education 
High School or less  
College Diploma 
University Degree 

 
1.00 (ref) 

1.01 (0.90-1.13) 
0.80 (0.71-0.89) 

<0.0001  
1.00 (ref) 

1.02 (0.91-1.15) 
0.83 (0.74-1.93) 

Currently employed 1.02 (0.93-1.12) 0.65 -- 
Income 
≤ $20 000 
$20 000 - 39 999 
$40 000 - 59 999 
$60 000 - 79 999 
≥ $80 000 

 
0.98 (0.81-1.19) 
1.08 (0.94-1.24) 
1.09 (0.95-1.25) 
1.08 (0.94-1.25) 

1.00 (ref) 

0.59  
-- 

Race 
Caucasian  
African American 
Other Races  

 
1.00 (ref) 

1.10 (0.89-1.37) 
1.12 (0.82-1.53) 

0.54  
-- 

BMI 
Normal  
Overweight  
Obese  

 
1.00 (ref) 

1.14 (1.02-1.28) 
1.21 (1.08-1.36) 

0.01  
-- 

Smoking Status  
Never  
Past  
Current  

 
1.00 (ref) 

1.07 (0.97-1.17) 
1.21 (1.01-1.45) 

0.07  
-- 

Osteoporosis  0.90 (0.77-1.06) 0.20 -- 
Arthritis 1.16 (1.01-1.33) 0.04 -- 
Osteoarthritis 1.16 (0.95-1.42) 0.13 -- 
Depression 1.38 (1.22-1.56) <0.0001 1.22 (1.07-1.39) 
Anxiety 1.52 (1.28-1.80) <0.0001 1.31 (1.10-1.56) 
Other psychiatric condition 1.27 (0.92-1.77) 0.15 -- 
Number of concomitant medications 1.04 (1.02-1.05) <0.0001 1.04 (1.02-1.06) 
Calcium supplementation 0.84 (0.76-0.92) <0.0001 0.86 (0.77-0.94) 
Bisphosphonate supplementation 0.83 (0.74-0.94) <0.01 0.84 (0.75-0.95) 
Charlson comorbidity index score 1.13 (1.03-1.23) 0.01 -- 
Exemestane 1.22 (1.11-1.33) <0.0001 1.22 (1.12-1.34) 
* Mutually adjusted for all other variables in the model  
-- Not included in final multivariable model 
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Chapter 5 

Factors associated with early discontinuation of study treatment within the 

MAP.3 chemoprevention trial 
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ABSTRACT  

Background: Breast cancer chemoprevention with endocrine therapies has been demonstrated to be an 

efficacious primary prevention option for high-risk postmenopausal women. Despite this, non-adherence 

remains a significant challenge. The aims of this study were to: 1) assess the association between 

worsening menopause-specific health-related quality of life (HRQL) and early treatment discontinuation 

and 2) identify participant-level factors associated with early discontinuation in the MAP.3 

chemoprevention trial.  

Methods: Participants of the MAP.3 randomized placebo-controlled trial of exemestane for breast cancer 

prevention were asked to complete the Menopause-Specific Quality of Life Questionnaire (MENQOL) 

upon trial entry and at 6 months post-randomization. Multivariable log-binomial regression was used to 

assess the associations between clinically meaningful worsening in menopause-specific HRQL, baseline 

participant characteristics and early treatment discontinuation. 

Results: Of the 4,560 participants enrolled in the trial, 745 (16.3%) discontinued assigned treatment 

within the first year of randomization. Factors associated with early treatment discontinuation in a 

multivariable model included experiencing a worsening in overall menopause-specific HRQL (RR=1.77 

95% CI: 1.51-2.08), being employed (RR=1.19 95% CI: 1.02-1.39), a past or current smoker (RR=1.21 

95% CI: 1.03-1.42; RR=1.45 95% CI: 1.11-1.90) and assignment to exemestane (RR=1.50 95% CI: 1.28-

1.76).  

Conclusions: The first year of treatment is a critical time for persistence with treatment in a breast cancer 

chemoprevention trial. This study highlights the importance of negative changes in menopause-specific 

HRQL on a woman’s decision to stop taking chemoprevention therapy. This study also provides a better 

understanding of factors that may influence persistence with aromatase inhibitors and may assist 

physicians in appropriately monitoring and counseling their patients.  
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5.1 Background 

Breast cancer is the most common malignancy in women worldwide, representing 25% of all 

incident cancers and 14% of cancer-related deaths among women (1). While important advances in the 

early detection and treatment have been made, a large number of women still develop breast cancer and 

primary prevention may be the most important route to reduce the burden of this disease. Many risk 

factors for breast cancer are difficult targets for primary prevention as they either lack the ability to be 

modified or are of personal circumstance. A potential prevention strategy for women at high risk for 

breast cancer is chemoprevention (2,3). Both selective estrogen receptor modulators (SERMs) and 

aromatase inhibitors (AIs) have been demonstrated to be efficacious chemoprevention agents in clinical 

trials (4–8). The Mammary Prevention.3 (MAP.3) trial of exemestane, an AI, for breast cancer prevention 

demonstrated that exemestane reduced the risk of invasive breast cancer among postmenopausal women 

by 65% (HR: 0.35 95% CI: 0.18-0.70) (7). Despite this, chemoprevention is vastly underutilized in the 

clinical setting and many women that do begin chemoprevention are not fully adherent (9–12). Non-

adherence, which includes non-initiation, poor compliance and discontinuation, to prevention agents is an 

important issue to report on as it can be a barrier to the effectiveness of these agents in preventing breast 

cancer. To our knowledge there are no published studies reporting on factors associated with AI non-

adherence in the prevention setting.  

Across chemoprevention trials the most commonly cited reason for premature discontinuation is 

intolerable side effects (13,14). Side effects are known to impact health-related quality of life (HRQL), 

which is recognized as an increasingly important outcome when evaluating new medical therapies (15–

17). Maunsell et al. reported on the HRQL experiences of women participating in MAP.3 with the 

conclusion that exemestane had small negative effects on both menopause-specific and general HRQL 

(18). Of particular interest is the large proportion of women, both on exemestane and placebo, reporting 

they had experienced a clinically meaningful worsening in HRQL from baseline within the first 6 to 12 

months on study (18). Coincidentally, the first year post-randomization was the point in time where there 
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was the largest discrepancy in discontinuation between the trial arms, with 19.3% on exemestane and 

13.4% on placebo deciding to cease study treatment (7,18). This secondary analysis of the MAP.3 trial 

aims to evaluate the association between worsening in menopause-specific HRQL from baseline and early 

discontinuation of study treatment. A secondary objective is to identify baseline participant characteristics 

that are associated with early discontinuation.   

 

5.2 Methods 

Overview of the NCIC CTG MAP.3 Trial 

The NCIC CTG MAP.3 trial was a phase III, international, randomized controlled trial evaluating 

exemestane for breast cancer prevention in postmenopausal women (7). Women were randomized to 

receive exemestane (25 mg) or placebo taken orally every day for up to 5 years. A total of 4,560 women 

from Canada, the United States, France and Spain were recruited into the trial between September 2004 

and March 2010. The primary end point was incidence of invasive breast cancer. Secondary endpoints 

included incidence of non-invasive breast cancer, other malignancies, benign breast disease, osteoporosis, 

skeletal fractures, cardiovascular events and HRQL. Full details of the MAP.3 trial have been reported 

elsewhere (7). 

Study Participants 

Postmenopausal women at risk for breast cancer were deemed eligible for participation in MAP.3 

if they were ≥ 50 years of age with no menses within the past 12 months or age < 50 with no menses 

within the past 12 months and with follicle stimulating hormone levels within the menopausal range. In 

addition, women were included for study if they had at least one of the following breast cancer risk 

factors: age ≥ 60 years, Gail score > 1.66%, or a prior diagnosis of benign breast. Women were ineligible 

for study if they were premenopausal, known carriers of the BRCA1 or BRCA2 gene, had a history of 

invasive breast cancer or prior ductal carcinoma in situ treated with lumpectomy, other malignancies, had 

uncontrolled hypo- or hyperthyroidism, or chronic liver disease. 
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Assessment of Menopause-specific HRQL  

HRQL was assessed in MAP.3 using the Menopause-Specific Quality of Life Questionnaire 

(MENQOL) and the Medical Outcomes Study 36-item Short Form Health Survey (SF-36) version 2 (19–

22). This study will focus on menopause-specific HRQL, as assessed by the MENQOL, as menopausal 

symptoms are highly prevalent in this population and are one of the most commonly cited reasons for 

discontinuing endocrine therapy in both the adjuvant and prevention settings (13,14). While MAP.3 also 

assessed HRQL using the SF-36, we felt that it was not specific enough to capture the menopausal 

concerns of interest in this study.  

Participants were asked to complete HRQL instruments at baseline, 6 months and at each yearly 

follow-up visit until trial completion. The MENQOL is a self-administered instrument that is used to 

assess the presence and severity of menopause-specific symptoms within the last four weeks (19,20). The 

MENQOL has 29 questions that aggregate into one of four domains: vasomotor, physical, sexual and 

psychosocial functioning. Participants are asked to rank the presence and level of bother of their 

symptoms on a 7-point Likert scale. Higher scores on the MENQOL correspond to more bothersome 

symptoms (i.e., worse HRQL) than lower scores. The MENQOL has been demonstrated to be a valid, 

reliable and responsive instrument to assess menopause-specific HRQL (20).  

Baseline Participant Characteristics  

Based on a review of the endocrine therapy adherence literature in both the prevention and 

adjuvant settings, a number of participant characteristics were considered to be potentially associated with 

early treatment discontinuation. Sociodemographic factors included age, marital status, highest level of 

formal education, combined annual family income, current employment status and race. Lifestyle factors 

included smoking status and body mass index (BMI). The Gail score was used to assess personal risk of 

breast cancer. Overall comorbidity burden as assessed by the Charlson Comorbidity Index along with 

diagnoses of osteoporosis, arthritis, osteoarthritis, depression or anxiety at baseline were also considered 

(23). Medications and supplements of interest included baseline use of calcium and bisphosphonate 
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supplements, previous use of selective estrogen receptor modulators (SERMs) and total number of 

concomitant medications. Information on sociodemographic, lifestyle and medical factors was obtained 

from two initial evaluation forms completed upon entry into the MAP.3 trial. Study staff at each 

participating center completed the first form, with information abstracted from the participant’s medical 

records. The second form capturing sociodemographic factors was completed via participant interview.  

Outcome Assessment  

Early discontinuation of study treatment was the primary outcome of interest. This was defined as 

stopping assigned study treatment (exemestane or placebo) within 365 days of randomization. 

Participants who stopped treatment as a result of a breast event were not considered to have discontinued. 

Participants informed study staff of their intentions to continue or discontinue with assigned study 

treatment at one of the follow-up visits. Staff then recorded the date of last dose and reason for 

discontinuation on the follow-up case report. Outcome information for this study was abstracted from the 

follow-up case report. 

Statistical Analyses 

All statistical analyses were carried out using SAS© version 9.3 (SAS Institute Inc.). Statistical 

significance was defined as a p-value ≤ 0.05. All participants enrolled in the MAP.3 trial were initially 

eligible for inclusion in this study. Baseline and 6-month post-randomization MENQOL domain scores 

were tabulated for each participant who responded to more than 50% of the items comprising that 

domain. As suggested by the MENQOL developers, a summary score for overall menopause-specific 

HRQL was computed by averaging the scores from each domain for participants with 3 or more available 

domain scores (19). A clinically meaningful worsening in menopause-specific HRQL from baseline to 6 

months post-randomization in each of the four MENQOL domains and the summary score were the 

primary exposures of interest in this analysis. Those with a 5-10% (i.e., 0.5 points out of 8) increase in 

their MENQOL score from baseline were classified as having a clinically meaningful worsening in 
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HRQL, whereas those with a <5% change were not. Participants with incomplete MENQOL instruments 

at baseline and/or 6 months were excluded.  

Separate log-binomial regression models for each domain of the MENQOL and overall 

menopause-specific HRQL were used to assess the association between clinically meaningful worsening 

and discontinuation of study treatment within the first year of study. Models were adjusted for treatment 

assignment (exemestane or placebo). A sensitivity analysis restricting participants to those who 

completed the 6-month MENQOL instrument within one month of discontinuing protocol therapy was 

performed. This was done to limit exposure misclassification and ensure that the post-randomization 

MENQOL adequately captured the HRQL experiences of women at the time of treatment discontinuation. 

Baseline participant characteristics, in addition to a clinically meaningful worsening in overall 

menopause-specific HRQL, were considered as potential risk factors of treatment discontinuation. 

Bivariate log-binomial regression models were constructed for each baseline characteristic and the 

outcome. Characteristics that met the screening criteria (Wald p<0.25) were considered for inclusion in 

the multivariable model. Selection of independent variables into the final model was based on a backward 

elimination procedure using a liberal p-value of 0.20. The final model consisted of factors associated with 

early study treatment discontinuation, mutually adjusted for one another. Participants were then stratified 

by treatment assignment (exemestane or placebo) in order to determine whether exemestane assignment 

modified any of the associations observed in the multivariable model.  

5.3 Results 

Table 5.1 presents baseline participant characteristics according to discontinuation status at one-

year post-randomization. Of the 745 participants who discontinued assigned protocol treatment within the 

first year of study, 649 (87%) completed a 6 month MENQOL instrument, of which 237 (37%) completed 

it within one month of discontinuing and 412 (63%) completed it beyond one month of discontinuing. 

Approximately 34.8%, 18.7%, 28.1% and 27.3% of women experienced a clinically meaningful 

worsening within 6 months of randomization in the vasomotor, sexual, physical and psychosocial 
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domains, respectively. Furthermore, 1,001 (24.1%) participants experienced a worsening in overall 

menopause-specific HRQL. We were unable to determine whether a clinically meaningful worsening in 

menopause-specific HRQL occurred for the 96 participants who did not complete a MENQOL post-

randomization.  

Table 5.2 presents the relative risk (RR) estimates for the association between worsening in 

menopause-specific HRQL and early discontinuation of study treatment. Estimates were adjusted for 

treatment assignment, as previous analyses of the MAP.3 trial have shown that women randomized to 

exemestane were slightly more likely to experience a worsening in the vasomotor and sexual domains of 

the MENQOL than women on placebo (18). After adjusting for treatment assignment, women who 

experienced a worsening in any of the MENQOL domains within 6 months of randomization were 

significantly more likely to discontinue early than those who did not experience a worsening (vasomotor 

domain RR=1.50 95% CI: 1.28-1.75, sexual domain RR=1.41 95% CI: 1.18-1.69, physical domain 

RR=1.71 95% CI: 1.47-2.00 and psychosocial domain RR=1.70 95% CI: 1.44-1.99). A worsening in 

overall menopause-specific HRQL was also significantly associated with discontinuation within the first 

year (RR=1.79 95% CI: 1.52-2.11). When restricting the analysis to participants who completed the 

MENQOL within one month of discontinuation, the strength of the association between worsening in all 

domains of the MENQOL and early discontinuation increased and remained statistically significant 

(Table 5.2). For those who completed the MENQOL beyond one month of discontinuing, the associations 

between worsening and discontinuation were weaker but still statistically significant (data not shown).  

To evaluate the role of potential confounding by participant characteristics on the associations 

between domain-specific worsening and discontinuation presented in Table 5.2, fully adjusted models 

based on a backward elimination procedure were constructed (see Tables G.1-G.4 in Appendix G). As 

the main effect estimates did not vary by more than 10% after adjustment, the impact of confounding by 

measured participant characteristics is likely to be low.  
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Bivariate associations between baseline sociodemographic, lifestyle and medical factors and early 

discontinuation are presented in Table 5.3. After initial variable screening and performing a backward 

elimination procedure, the final model consisted of factors associated with early study treatment 

discontinuation, mutually adjusted for one another (Table 5.4). A worsening in overall menopause-

specific HRQL was the strongest risk factor of treatment discontinuation within the first year of study 

(RR=1.77 95% CI: 1.51-2.08). Those assigned to exemestane were 50% more likely to discontinue within 

the first year of study than those randomized to placebo (RR=1.50 95% CI: 1.28-1.76). Among the 

sociodemographic factors considered, being currently employed was the only statistically significant 

factor associated with early discontinuation (RR=1.19 95%: 1.02-1.39). Previous and current smokers 

were 21% and 45% more likely to discontinue than never smokers (past smoker RR=1.21 95%: 1.03-1.42, 

current smoker RR=1.45 95% CI: 1.11-1.90).  

Results of the treatment-stratified analyses are also presented in Table 5.4. Experiencing a 

worsening in overall menopause-specific HRQL was associated with early discontinuation in both trial 

arms, with a slightly elevated risk observed in the placebo arm. However, as the confidence intervals for 

the relative risk estimates overlapped one another, effect modification by treatment assignment is 

unlikely. A statistically significant association between current smoking and discontinuation was 

observed for those randomized to placebo (RR=1.66 95% CI: 1.07-2.57), but not for those randomized to 

exemestane. In both trial arms, the strength and direction of the associations between each participant 

characteristic and early discontinuation were similar, suggesting that treatment assignment does not likely 

modify the associations observed in the non-stratified fully adjusted model.  

5.4 Discussion 

As the proportions of participants experiencing either a worsening in menopause-specific HRQL 

or treatment discontinuation were highest within the first year of the MAP.3 trial, the primary objective of 

this analysis was to determine whether a worsening in HRQL since baseline was associated with 

treatment discontinuation. Our results indicate that there is a moderate association between clinically 
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meaningful worsening in all domains of the MENQOL and discontinuation of study treatment within the 

first year of study, with a decline in overall menopause-specific HRQL being the strongest risk factor of 

early treatment discontinuation. Given that women in this study were taking an aromatase inhibitor (or 

placebo) for prevention purposes and not for treatment, it is not surprising that a decline in HRQL would 

be a contributing factor influencing a woman’s decision to stop taking her assigned treatment, as the 

benefits of continuing with treatment are unlikely to be immediately noticed thus making negative 

changes in HRQL difficult to justify.  

Given concerns about potential exposure misclassification, we performed sensitivity analyses to 

account for the timing of the MENQOL instrument completion and treatment discontinuation. The 

estimates of risk became stronger when only participants who completed the first post-randomization 

MENQOL within one month of discontinuation were included. For those who completed their first post-

randomization MENQOL in excess of one month after discontinuing, the estimates of risk were further 

attenuated. The sensitivity analyses indicate that at the time of discontinuation the HRQL experiences of 

many participants were not adequately captured resulting in attenuated relative risks for the entire cohort 

that was biased towards the null. Our analyses suggest that in order to get an accurate reflection of HRQL 

at the time of treatment discontinuation HRQL instruments should be administered promptly. 

A secondary objective of this analysis was to determine whether baseline sociodemographic, 

lifestyle or other medical factors, in addition to worsening HRQL, contributed to early treatment 

discontinuation. Being employed and a smoker at baseline were positively associated with discontinuation 

within the first year of study, consistent with results from the NSABP P-1 trial adherence study (24). In 

the final multivariable model, a suggestive protective association was observed for calcium 

supplementation at baseline. We hypothesize that calcium supplementation may have mitigated some of 

the negative impacts that both ageing and AIs have on physical functioning (specifically bone and joint 

health), which in turn could allow participants to continue taking their assigned treatment. Alternatively, 

calcium supplementation may be a proxy for women who engage in healthier lifestyles and perhaps 
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would represent a group who would be more likely to persist with study treatment. A suggestive, 

protective association was also seen between previous SERM use and treatment discontinuation. We 

hypothesize that women who had previously used a SERM for chemoprevention would be aware of and 

less likely to be bothered by the potential side effects of endocrine therapy, allowing them to persist 

longer with their assigned study treatment. After adjustment for factors included in the multivariable 

model, experiencing a worsening in overall menopause-specific HRQL remained the strongest risk factor 

of early discontinuation. The estimate of risk reported in the multivariable model did not differ 

substantially from the treatment adjusted estimate suggesting that confounding by participant 

characteristics is not a major concern.  

Very few of the previously identified factors (age, education, income, race and risk of breast 

cancer) associated with SERM non-adherence in clinical trials and observational studies were 

significantly associated with treatment discontinuation in MAP.3 (12,24). This may be due to the different 

mechanisms of action and subsequent side effect profiles of the two agents. Alternatively, inconsistencies 

may be a result of differences in the definitions of adherence used. This study looked at discontinuation, 

the most extreme form of non-adherence, whereas the NSABP P-1 trial defined adherence as a composite 

of compliance and early discontinuation. While this may have been statistically efficient, the authors have 

failed to consider that there may be distinct risk factors for each of these different components of 

adherence. The associations between participant characteristics and tamoxifen non-adherence identified in 

the NSABP P-1 trial and the Sister Study cohort were reported as odds ratios, even though odds ratios are 

known to overestimate risk when the outcome of interest is not rare (<10%), as was the case in both of 

these studies. The reporting of odds ratios in both of the aforementioned studies may have exaggerated 

the risk between the identified factors and non-adherence, which may explain why these associations 

were not observed in this study.  Finally, the NSABP P-1 study had a much larger sample size 

(n=11,064), and presumably increased statistical power to evaluate all of these factors in a multivariable 

model. That being said, the primary focus of the NSABP P-1 adherence study was to evaluate whether 
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lifestyle factors affected adherence to protocol therapy and it did not consider many of the HRQL and 

medical factors included in our analysis.  

Treatment-stratified analyses revealed that the association between experiencing a clinically 

meaningful worsening in overall menopause-specific HRQL and early discontinuation observed for the 

entire cohort was unlikely to be modified by exemestane assignment. This emphasizes the importance of 

HRQL on a woman’s decision to continue with study treatment, irrespective of the trial arm she is 

randomized to. Being a smoker at study entry was a significant predictor of early discontinuation among 

those randomized to placebo and a suggestive but not significant predictor among those assigned to 

exemestane. Smoking has been found to increase the risk of vasomotor, physical and psychological 

symptoms commonly experienced during and after menopause (25,26). Smokers in the placebo arm may 

have incorrectly attributed these symptoms to study treatment, prompting them to discontinue. Smoking is 

also known to exacerbate the symptoms of endocrine therapy, which may explain the suggestive 

association seen in that arm.   

Our study has some limitations. Information about treatment discontinuation was based on self-

report and may have been subject to some misclassification. However, we feel that it is unlikely women 

would report that they had stopped taking their treatment when they had not. It is possible that women 

who claimed to be continuing with treatment actually stopped taking it. If this were the case, our study 

would have underestimated the number of women who discontinued study treatment. Given that the 

information on many of the patient characteristics was only collected at baseline we were unable to assess 

how changes in these factors since baseline may have affected discontinuation of study treatment within 

the first year of study. Stratifying by treatment assignment may have decreased statistical power to 

examine factors of discontinuation in a multivariable model. Finally, the majority of women participating 

in MAP.3 were Caucasian, highly educated and non-smokers which may impact the generalizability of 

our findings to the underlying source population of all postmenopausal women at elevated risk for breast 

cancer.  
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Our study also has strengths. There was very little missing data for the baseline characteristics 

considered in this study because of the rigorous quality control measures implemented when collecting 

data during the conduct of the MAP.3 trial. Given that information was collected in a systematic way for 

all participants and that study staff were blinded to group assignment, the potential for differential 

misclassification of participant characteristics in this study is low. HRQL information was derived from 

the MENQOL, which has been established as valid, reliable and sensitive instrument in the 

postmenopausal population. Completion of the HRQL instruments at baseline (98%) and 6 months post-

randomization (94%) were high suggesting that our results represent the experiences of the majority of 

the study sample. Identifying factors associated with premature aromatase inhibitor discontinuation is an 

important issue that has not previously been addressed in the breast cancer prevention setting and this 

study is the first to report on this topic. This is also the first study to evaluate how changes in HRQL 

impact persistence with chemoprevention treatment for breast cancer. 

5.5 Conclusions 

 While the efficacy of chemoprevention agents has been demonstrated in clinical trials, the 

benefits of chemoprevention as a primary prevention strategy for high-risk women in clinical practice will 

be largely dependent on the uptake and adherence to these agents. This study addresses the most extreme 

form of non-adherence, discontinuation, within the context of a clinical trial. HRQL is acknowledged as 

an important concept to report on in studies of new medical therapies and this study highlights the 

importance of negative changes in HRQL on a woman’s decision to stop taking chemoprevention therapy. 

In addition to exemestane, participant characteristics such as being a former or current smoker and being 

currently employed were also identified as risk factors of early discontinuation. This study provides a 

better understanding of factors that may influence discontinuation of aromatase inhibitors and may assist 

physicians in appropriately monitoring and counseling their postmenopausal patients.  
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Table 5.1: Baseline participant characteristics according to discontinuation status at 1-year post-
randomization 
Characteristic Discontinued within first 

year of study (N=745) 
N (%) / Mean (SD) 

Continuing beyond first year of 
study (N=3,815) 

N (%) / Mean (SD) 
Age (years)  
<50  
50-59 
60-74 
≥75 

 
20 (2.68) 

209 (28.05) 
467 (62.28) 

49 (6.58) 

 
64 (1.68) 

1146 (30.04) 
2377 (62.31) 

228 (5.98) 

Non-married  297 (39.87) 1351 (35.41) 
Highest Level of Education 
High School or Less  
College Diploma/Some University 
University/Post-Graduate Degree 
Missing 

 
206 (27.65) 
245 (32.89) 
287 (38.52) 

7 (0.94) 

 
1001 (26.24) 
1170 (30.67) 
1637 (42.91) 

7 (0.18) 

Annual Combined Family Income 
≤ $20 000 
$20 000 - 39 999 
$40 000 - 59 999 
$60 000 - 79 999 
≥ $80 000 
Missing 

 
71 (9.53) 

111 (14.90) 
129 (17.32) 
94 (12.62) 

207 (27.78) 
133 (17.85) 

 
271 (7.10) 

604 (15.83) 
625 (16.38) 
542 (14.21) 

1191 (31.22) 
582 (15.26) 

Race 
Caucasian 
African American 
Other Races  

 
682 (91.54) 

47 (6.31) 
16 (2.15) 

 
3579 (93.81) 

164 (4.30) 
72 (1.89) 

Currently Employed 
Missing 

380 (51.01) 
2 (0.27) 

1841 (48.26) 
10 (0.26) 

BMI 
Normal (≤ 24.99) 
Overweight (25.00-29.99) 
Obese (≥ 30.00) 
Missing 

 
209 (28.05) 
251 (33.69) 
277 (37.18) 

8 (1.08) 

 
1081 (28.34) 
1309 (34.31) 
1416 (37.11) 

9 (0.24) 

Smoking Status  
Never  
Past  
Current  

 
378 (50.74) 
301 (40.40) 

66 (8.86) 

 
2122 (55.62) 
1447 (37.93) 

246 (6.45) 

Gail Score > 1.66% 563 (75.57) 2919 (76.51) 
Osteoporosis  63 (8.46) 333 (8.73) 
Arthritis 73 (9.80) 421 (11.04) 
Osteoarthritis 37 (4.97) 190 (4.98) 
Depression 98 (13.15) 512 (13.42) 
Anxiety 49 (6.58) 230 (6.03) 
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Table 5.1 (continued) 
Characteristic Discontinued within first 

year of study (N=745) 
N (%) / Mean (SD) 

Continuing beyond first year of 
study (N=3,815) 

N (%) / Mean (SD) 
Other psychiatric condition 10 (1.34) 63 (1.65) 
Charlson comorbidity score  0.20 (0.51) 0.20 (0.47) 
Previous SERM use 
Missing 

29 (3.89) 
7 (0.94) 

191 (5.01) 
24 (0.63) 

Calcium supplementation  386 (51.81) 2247 (58.90) 
Bisphosphonate supplementation  126 (16.91) 715 (18.74) 
Number of concomitant medications  4.59 (3.03) 4.62 (2.98) 
Exemestane 441 (59.19) 1844 (48.34) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

93 

 

Table 5.2: Association between clinically meaningful worsening in menopause-specific HRQL and early 
treatment discontinuation for all participants and separated by time of MENQOL completion 

 All Participants MENQOL completed within one 
month of discontinuation 

MENQOL Domain** RR* (95% CI) RR* (95% CI) 
Vasomotor  1.50 (1.28-1.75)  2.19 (1.67-2.88)  
Sexual  1.41 (1.18-1.69)  1.78 (1.30-2.43) 
Psychosocial  1.71 (1.47-2.00)  1.92 (1.46-2.52) 
Physical  1.70 (1.45-1.99)  2.33 (1.78-3.06) 
Overall menopause-specific HRQL 1.79 (1.52-2.11) 2.43 (1.83-3.24) 
*All estimates adjusted for treatment assignment (exemestane or placebo) 
** Number of participants varied between 3,944 and 4,168 depending on domain  
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Table 5.3: Bivariate associations for baseline participant characteristics and early treatment 
discontinuation 

Characteristic Relative Risk 95% CI p-value 
Age (years)  
<50  
50-59 
60-74 
≥75 

 
1.45 
0.94 

1.00 (ref) 
1.08 

 
0.98-2.14 
0.81-1.09 

- 
0.82-1.41 

0.23 

Non-married  1.17 1.02-1.34 0.02 
Highest Level of Education 
High School or Less  
College Diploma/Some University 
University/Post-Graduate Degree 

 
1.00 (ref) 

1.01 
0.87 

  
- 

0.85-1.20 
0.74-1.03 

0.12 

Annual Combined Family Income 
≤ $20 000 
$20 000 - 39 999 
$40 000 - 59 999 
$60 000 - 79 999 
≥ $80 000 

 
1.40 
1.05 
1.16 
1.00 

1.00 (ref) 

  
1.10-1.79 
0.85-1.30 
0.94-1.41 
0.80-1.25 

- 

0.08 

Race 
Caucasian 
African American 
Other Races  

 
1.00 (ref) 

1.39 
1.14 

  
- 

1.07-1.81 
0.73-1.78 

0.06 

Currently employed 1.10 0.96-1.25 0.17 
BMI 
Normal (≤ 24.99) 
Overweight (25.00-29.99) 
Obese (≥30.00) 

 
1.00 (ref) 

0.99  
1.00 

  
- 

0.83-1.17 
0.85-1.18 

0.94 

Smoking Status  
Never  
Past  
Current  

 
1.00 (ref) 

1.14 
1.40 

 
- 

0.99-1.31 
1.11-1.77 

0.01 

Gail Score > 1.66% 0.96 0.82-1.12 0.58 
Osteoporosis  0.99 0.82-1.21 0.81 
Arthritis 0.89 0.72-1.12 0.32 
Osteoarthritis 1.00 0.74-1.35 0.99 
Depression 0.98 0.81-1.19 0.85 
Anxiety 1.08 0.83-1.41 0.57 
Other psychiatric condition 0.84 0.47-1.49 0.55 
Charlson comorbidity score (per unit 
increase) 

1.01 0.88-1.16 0.92 

Previous SERM use 0.80 0.57-1.13 0.21 
Calcium supplementation  0.79 0.69-0.90 0.0003 
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Table 5.3 (continued) 
Characteristic Relative Risk 95% CI p-value 
Bisphosphonate supplementation  0.90 0.75-1.07 0.24 
Number of concomitant medications (per 
unit increase) 

1.00 0.97-1.02 0.78 

Exemestane 1.44 1.26-1.65 <0.0001 
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Table 5.4: Factors associated with early discontinuation of study treatment in the entire cohort and 
stratified by treatment arm 

 
Entire Cohort 

(N=4,117) 

STRATIFIED ANALYSIS 
Exemestane 
(N=2,055) 

Placebo 
(N=2,062) 

RR* (95% CI) RR * (95% CI)  RR* (95% CI) 
Worsening in overall menopause-
specific HRQL 

1.77 (1.51-2.08) 1.73 (1.42-2.10) 1.88 (1.43-2.46) 

Currently employed 1.19 (1.02-1.39) 1.18 (0.97-1.43) 1.21 (0.94-1.56) 
Smoking Status  
Never  
Past  
Current  

 
1.00 (ref) 

1.21 (1.03-1.42) 
1.45 (1.11-1.90) 

 
1.00 (ref) 

1.20 (0.98-1.47) 
1.36 (0.96-1.92) 

 
1.00 (ref) 

1.23 (0.94-1.61) 
1.66 (1.07-2.57) 

Previous SERM use 0.76 (0.49-1.17) 0.69 (0.38-1.25) 0.85 (0.45-1.60) 
Calcium supplementation  0.89 (0.76-1.04) 0.96 (0.38-1.25) 0.79 (0.60-1.01) 
Exemestane  1.50 (1.28-1.76) -- -- 
*Mutually adjusted for all other variables in the model 
-- Not included in model  
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Chapter 6 

Discussion 

The purpose of this thesis was two-fold. The first was to identify individual-level factors that 

could potentially explain why such a large proportion of women on both exemestane and placebo 

experienced a clinically meaningful worsening in menopause-specific HRQL during the MAP.3 trial. The 

second was to evaluate whether worsening in menopause-specific HRQL was associated with early 

treatment discontinuation. This chapter will summarize and interpret results presented in the previous two 

manuscripts and address the methodological strengths and limitations of this project. Finally, the 

contribution of this research to the current body of evidence will be discussed and future research 

directions will be suggested.  

6.1 Summary of key findings 

Consistent with Maunsell et al.’s publication of the HRQL outcomes within MAP.3, the results 

presented in Manuscript 1 indicate that exemestane is associated with worsening in the vasomotor and 

sexual domains of the MENQOL but does not significantly impact the psychosocial or physical 

functioning (1). In addition, we also identified certain participant characteristics as risk factors of 

worsening in domain-specific and overall menopausal HRQL. For overall menopausal HRQL, younger 

age, diagnoses of depression or anxiety and increasing medication burden were identified as risk factors 

of worsening. Non-married women and those who used calcium or bisphosphonate supplements were at 

decreased risk for worsening. The multi-factorial nature of HRQL is supported in this study, as we have 

identified a number of factors in addition to treatment that help explain the large proportion of women 

who experienced a clinically meaningful worsening in HRQL during MAP.3. The results of this study 

may help with the design and conduct of future chemoprevention trials, as it identifies sub-groups of 

women who may require additional support while participating in a clinical trial. Furthermore, the 
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identification of women at increased risk for declining HRQL while on chemoprevention agents can help 

inform the discussion between physicians and women contemplating chemoprevention.  

To our knowledge, Manuscript 2 is the first to report on factors associated with aromatase 

inhibitor non-adherence in the prevention setting. Women in MAP.3 who were employed, past or current 

smokers and assigned to exemestane were at increased risk for early treatment discontinuation. A novel 

finding reported in this study is that women who experienced a clinically meaningful worsening in their 

menopause-specific HRQL were at increased risk (41-79%) of treatment discontinuation within the first 

year of the MAP.3 trial. The risk increased even further (78-143%) when the MENQOL instrument was 

administered within close temporal-proximity to the date of discontinuation. The impact of HRQL on 

endocrine therapy adherence has not been systematically examined in either the prevention or adjuvant 

settings and our study has made an important contribution to the literature.  

6.2 Comparison of findings with relevant literature  

To our knowledge only one other study (the Menopause Epidemiology study (MEPI)) has used 

the MENQOL to identify factors associated with menopause-specific HRQL outcomes among North 

American postmenopausal women (2). Other studies have either used generic HRQL instruments or were 

based in populations of ethnically diverse postmenopausal women, making direct comparison of the 

results obtained in Manuscript 1 difficult. In our study, younger, overweight and obese women were more 

likely to have worsened HRQL in certain MENQOL domains, findings that were also observed in MEPI 

(2). However, the associations between less educated, minority and smoking women with poor domain-

specific HRQL observed in the MEPI study were not seen in the current study (2). Differences between 

the two studies can be attributed to a variety of reasons. The study population in MAP.3 was 

predominantly Caucasian, highly educated and non-smokers, which may have limited the ability to detect 

the associations observed in the MEPI study. There were also differences in study design and 

conceptualization of “worse HRQL” between the two studies. Our study was of a prospective design and 

used a widely-accepted, standard definition of worsened HRQL, while MEPI was cross-sectional and 
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only focused on statistically significant differences in mean scores between pre-determined groups of 

interest (2–5). The significant difference in score approach used by MEPI is not intuitive to the reader, as 

it does not convey whether or not the differences observed are actually meaningful to the participant.  

The results presented in Manuscript 2 with respect to individual-level factors (i.e., having a 

smoking history, being currently employed and on active study treatment) associated with non-adherence 

are generally consistent with previous findings of SERM adherence in the prevention setting, specifically 

findings from the NSABP P-1 trial of tamoxifen for chemoprevention (6). However, as addressed in the 

discussion on Manuscript 2, observed associations between sociodemographic factors (age, education, 

income, race) and adherence in NSABP P-1 were not seen in MAP.3. This may be due to differences in 

the sample size, underlying distribution of participant characteristics, definition of adherence and analysis 

strategies used between the two studies. The current study looked at discontinuation, the most extreme 

form of non-adherence, whereas the NSABP P-1 trial defined adherence as a composite of compliance, 

non-initiation and early discontinuation. The associations between participant characteristics and 

tamoxifen non-adherence identified in the NSABP P-1 trial were reported as odds ratios, even though 

odds ratios are known to overestimate risk when the outcome of interest is not rare (<10%), as was the 

case in the NSABP P-1 trial. The reporting of odds ratios may have exaggerated the risk between the 

identified factors and non-adherence, which may explain why these associations were not observed in 

MAP.3.  Finally, the NSABP P-1 study had a much larger sample size (n=11,064), and presumably 

increased statistical power to evaluate all of these factors in a multivariable model. 

Direct comparison of the results observed in this study to studies undertaken in the adjuvant 

setting may be difficult as there is a fundamental difference in the reason for AI use between the two 

populations. In the prevention setting, AIs are used to prevent the development of new breast cancer cases 

whereas in the adjuvant setting AIs are used to prevent breast cancer recurrence. Therefore, the 

underlying motivation and overall willingness to tolerate negative side effects and impacts on HRQL in 

order to be adherent are likely to be different between the two populations. It is hypothesized that 
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willingness to tolerate side effects would be lower in the prevention setting as generally healthy women 

are taking treatment for a disease they may never even develop. Research that systematically evaluates the 

impact of worsening HRQL on AI adherence in the adjuvant setting is needed to confirm this hypothesis.  

6.3 Study validity: methodological strengths and limitations  

6.3.1 Selection bias  

Selection bias occurs when there is a systematic difference between those included in a study and 

those who are not or when those who drop out of the study are systematically different from those who 

remain with respect to both the exposure and the outcome. Recruitment for MAP.3 occurred via a variety 

of methods including screening clinics, advertising materials, mass mailings and referrals. Information on 

individuals who refused to participate in the original MAP.3 trial was not available and thus a comparison 

of whether consenting participants were systematically different from non-consenting individuals could 

not be conducted.  

In Manuscript 1, very few (n=52) participants had incomplete baseline MENQOL instruments 

and were thus excluded from the analysis. A comparison of baseline characteristics between those 

included and excluded for study revealed that younger, minority, smoking women were not 

disproportionately excluded (Table H.1, Appendix H). However, there was a slightly higher prevalence 

of women only obtaining a high school education among those who were excluded. While this may have 

introduced some selection bias into our study, given that the total number of women excluded from this 

groups was quite small (n=27) in comparison to those who were included, the impact of this potential bias 

on the effect estimates would likely be limited.  

In Manuscript 2, participants were excluded from the analysis if they had an incomplete baseline 

and/or 6 month post-randomization MENQOL. Incomplete instruments at 6 months post-randomization 

may be related to both the exposure (clinically meaningful worsening in HRQL) and outcome (premature 

discontinuation) and may have resulted in selection bias, with subsequent impacts on estimates of relative 

risk. Assuming that the missing post-randomization MENQOLs occurred among those experiencing a 
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worsened HRQL and discontinuing treatment, this study would have observed a smaller number of 

participants experiencing a worsening, resulting in attenuated effect estimates for the main analysis. 

Alternatively, if the discontinuing participants with missing post-randomization MENQOLs did not 

experience a worsening in their HRQL this study would have overestimated the association between 

worsening and treatment discontinuation. Given that a small proportion of participants (7.2%, n=330) 

were excluded as a result of a completely missing post-randomization MENQOL we feel that the results 

are unlikely to be substantially impacted by this potential selection bias.  

6.3.2 Information bias and measurement error 

MENQOL 

A strength of this study is the use of the MENQOL that has established validity, reliability and 

responsiveness (7,8). The validity of the MENQOL refers to its construct validity, which is the ability of 

an instrument to measure the intended construct (8). Construct validity is often used to assess the validity 

of HRQL instruments as there is no gold standard measure for HRQL, thus making the establishment of 

criterion validity difficult (8). The construct validity of the MENQOL was assessed by comparing it 

against other instruments purporting to measure the same menopausal constructs (8). Reliability refers to 

the overall consistency of an instrument to produce similar results under similar conditions. Finally, 

responsiveness is defined as the ability of an instrument to detect a change in the underlying constructs 

being measured when a change has occurred. While the MENQOL asks participants to recall their 

menopause-specific HRQL within the last four weeks and may have been susceptible to some recall error, 

it is felt that this is a reasonable time frame to recall whether or not participants had experienced these 

symptoms.  

A potential source of measurement error in this study was missing data pertaining to menopause-

specific HRQL. Missing data could result from three potential sources: completely missing instruments, 

complete instruments with one or more missing items or complete instruments identifying the presence of 

a particular symptom but without a severity rating. While several strategies have been developed to 
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handle missing data, a conservative approach was used, as the validity of the MENQOL instrument with 

score imputations is unknown. It was decided a priori to exclude instruments that were missing entirely, 

to include instruments with missing items but to exclude items that were missing severity ratings. The 

scoring of the MENQOL instrument accounts for missing data to a degree, as domain scores are 

considered valid as long as half of the items are present. Additionally, a summary score can only be 

computed for participants with 3 or more domain scores.  

Missing MENQOL data was handled in different ways in the two manuscripts. In both 

manuscripts, participants with a completely missing baseline MENQOL instrument were excluded.  In 

Manuscript 1, the first occurrence of a missing domain score resulted in the participants being censored in 

the Cox proportional hazards analyses, even if a score for that domain was available at future follow-up 

visits. While this approach limited the use of information from future visits, it was thought to be the one 

that reduced bias. A similar approach was used for overall menopause-specific HRQL (i.e., summary 

score).  

In Manuscript 2, participants with completely missing MENQOL instruments from their baseline 

and/or first 6-month follow-up visit were excluded. For those with completed MENQOL instruments, it 

was possible for all or some domain scores to be missing. In order to establish whether a participant 

experienced a clinically meaningful worsening in menopause-specific HRQL (i.e., main exposure of this 

analysis) a domain-specific change score needed to be computed. Therefore, participants missing a 

domain score at baseline and/or 6-months post-randomization were not included in the analysis of the 

association between worsening in that domain and discontinuation. However, this would not exclude 

participants in the analysis of other domains and discontinuation, as long as a domain score for the other 

domains were available at both time points.  

The MENQOL domain with the most missing data, in terms of both completely missing item 

responses and missing severity ratings was the sexual domain. It is possible that the questions contained 

within the sexual domain were either not applicable to certain participants or participants felt 
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uncomfortable reporting symptoms of such a sensitive nature. Therefore, it is possible that the proportion 

of women experiencing a worsening in sexual symptoms was much higher than observed. It is difficult to 

speculate what the impact of an increased incidence of worsening in sexual symptoms on the associations 

observed in Manuscript 1 would have been, as this analysis was largely exploratory rather than focused 

on a single exposure-outcome hypothesis. However in Manuscript 2, the higher proportion of women 

experiencing worsening in the sexual domain may have changed the estimate of relative risk for early 

discontinuation. If those that discontinued also experienced a worsening in the sexual domain, then the 

reported estimate of relative risk is likely an underestimate of the true association. If those that 

discontinued did not experience a worsening, then the reported estimate of relative risk is likely an 

overestimate of the true association.   

In Manuscript 2, exposure misclassification due to the timing of the MENQOL instrument 

completion was examined in sensitivity analyses. As previously addressed in the discussion of 

Manuscript 2, exposure misclassification likely resulted in the attenuation of effect estimates between 

worsening HRQL and discontinuation for the entire cohort.  

Discontinuation  

Information about treatment discontinuation was based on self-report and may have been subject 

to some misclassification. However, we feel that it is unlikely that women would report that they had 

stopped taking study treatment when they had not. It is possible that women who claimed to be 

continuing with treatment actually stopped taking it. If this were the case, our study would have 

underestimated the number of women who had discontinued study therapy. The subsequent impact on 

estimates of relative risk would depend on whether the outcome was differentially misclassified according 

to exposure status.  

Participant Characteristics 

A major strength of this thesis project is the very little missing data with respect to baseline 

sociodemographic, lifestyle and medication information, as the NCIC Clinical Trials Group employed 
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rigorous quality control measures. Information on baseline participant characteristics was collected in a 

systematic way for all participants. Furthermore, both participants and study stuff were blinded to 

treatment allocation and were unaware of the objectives of this thesis project, resulting in the potential for 

differential misclassification of these variables to be low. If non-differential misclassification of 

participant characteristics occurred, this would have attenuated the effect estimates reported in both 

manuscripts towards the null. Information on many of these characteristics were only available at 

baseline, and thus we were unable to assess how changes in these characteristics overtime may have 

affected both the development of clinically meaningful worsening in HRQL and/or early treatment 

discontinuation. While MAP.3 collected comprehensive information on sociodemographic and medical 

factors, information on physical activity, alcohol consumption and psychosocial factors (i.e., social 

support) was not available for all participants, and thus we were unable to determine whether these factors 

are associated with the outcomes in both manuscripts. Furthermore, not accounting for these variables in 

multivariable analyses may have resulted in some unmeasured confounding. 

Comorbidity 

As there were multiple prevalent chronic conditions (i.e., diabetes, cardiovascular disease, 

respiratory conditions) within this population that had the ability to be potentially associated with both 

worsening HRQL and treatment discontinuation it was decided a priori to assess comorbidity burden 

using an index score rather than evaluate each condition separately. This would limit potential co-linearity 

that may be introduced when including multiple, often related, medical conditions in a multivariable 

model. Additionally, a comorbidity score was thought to be the most efficient way of capturing 

comorbidity information without overwhelming the multivariable models.  

As there is no established gold standard to assess comorbidity within a generally healthy 

postmenopausal population, selection of an appropriate comorbidity instrument was challenging. A 

decision to use the Charlson Comorbidity Index (CCI) to capture comorbidity burden was made as it is 

the most commonly used comorbidity instrument in both health sciences and endocrine therapy adherence 
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studies, thus making it easier for comparison with the literature. While the CCI includes many of the 

chronic conditions prevalent in MAP.3 (i.e., diabetes, heart disease and asthma) it also includes 

conditions that were exclusion criteria of the trial (i.e., other malignancies and liver disease) and would 

thus be irrelevant for this study sample. Additionally, it does not capture certain conditions that are 

prevalent among the postmenopausal population such as osteoporosis, arthritis and mental health 

conditions. The use of the CCI score within this study may have thus underestimated the true comorbidity 

burden of participants as suggested by the narrow range of comorbidity scores observed (i.e., 0-4 out of a 

possible 37 points). This may potentially explain the null findings between increasing comorbidity burden 

and worsening menopause-specific HRQL and treatment discontinuation observed in both manuscripts.  

6.3.3 Modeling Strategy  

Approximately 16% of participants discontinued treatment within the first year of the MAP.3 

trial, rendering discontinuation a non-rare outcome. The use of logistic regression analysis to estimate 

odds ratios in prospective epidemiological studies has been heavily criticized when the outcome is not 

rare, as the odds ratio overestimates the relative risk (9,10). A major strength of Manuscript 2 in 

comparison to previous studies attempting to identify factors of non-adherence to endocrine therapies is 

that we directly estimated relative risks via a multivariable log-binomial regression analysis, rather than 

reporting odds ratios for a study outcome that was quite common. While issues with the convergence of 

log-binomial regression models have been reported (11), we did not run into this issue during the analysis 

of Manuscript 2.  

6.3.4 Confounding   

An exploratory analysis strategy was employed in Manuscript 1. As no focal exposure-outcome 

hypothesis was under evaluation, identification and inclusion of all potential covariates was challenging. 

While we attempted to include all factors identified in the literature as potential risk factors of poor 

HRQL in the domain-specific models, this strategy may have resulted in residual or unmeasured 

confounding or inclusion of factors in some models that were not true confounders. It is possible that 
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inclusion of non-confounders in the multivariable models may have introduced conditional associations 

between covariates resulting in biased effect estimates (12).  

In Manuscript 2, the primary exposure-outcome hypothesis under evaluation was the association 

between worsening in menopause-specific HRQL and early treatment discontinuation. Confounding by 

participant characteristics is an unlikely explanation of the observed association between worsening in 

overall menopause-specific HRQL and discontinuation, as the relative risk obtained from the fully 

adjusted model did not vary from the treatment-only adjusted estimate by more than 10%. To assess 

whether participant characteristics confounded the observed associations for the individual domains and 

discontinuation a similar backward deletion procedure was undertaken for each domain and is presented 

in Tables G.1-G.4 in a supplementary results section (see Appendix G). For all domains, the effect 

estimates for worsening domain-specific HRQL and early treatment discontinuation did not change by 

more than 10%, suggesting that confounding by measured participant characteristics is an unlikely 

explanation of the observed associations. As information on physical activity, alcohol consumption and 

levels of social support was not available, there is the potential for unmeasured confounding by these 

variables.  

6.3.5 Effect Modification  

 A qualitative examination of effect modification by exemestane assignment was addressed in 

both manuscripts by stratifying participants according to treatment assignment. In Manuscript 1, there is 

some indication that exemestane assignment may have strengthened some of the associations between 

individual characteristics and domain-specific worsening, however because the confidence intervals of the 

effect estimates obtained for both trial arms overlapped one another it is difficult to whether exemestane 

is a true effect modifier. In Manuscript 2, assignment to exemestane did not modify the association 

between a clinically meaningful worsening in overall menopause-specific HRQL and early treatment 

discontinuation. Stratification by treatment assignment in both manuscripts may have decreased the 
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precision of effect estimates and resulted in reduced statistical power to observe associations of interest in 

the multivariable models, which may explain some of the null findings observed.   

6.3.6 Study power  

A priori power calculations for Manuscript 1 revealed that there was reasonable power (>80%) to 

detect an association between a single exposure with a prevalence of ≥20% and worsening HRQL. The 

analysis strategy employed the use of a backward deletion procedure to generate the most parsimonious 

model of factors associated with worsening HRQL. Given that we did not perform a priori power 

calculations for multiple independent variables within a single model, the original estimates of power may 

have been overestimated. A general rule for maintaining adequate power (80%) when using multivariable 

regression is 10-30 events per independent variable (13). The highest number of independent variables 

evaluated in the multivariable models in Manuscript 1 was 34, which would require 340-1020 events. 

Given that the smallest number of events (i.e., worsening HRQL) observed was 1,492 it is unlikely for 

insufficient power as a result of a small sample size to be a methodological limitation. However, these 

rules of thumb make certain assumptions about the effect size to be detected and the prevalence of the 

independent variables. Therefore, it is possible that the null findings observed for some independent 

variables may have been a result of their low prevalence or their small effect size in relation to worsening 

HRQL.  

 Given that significant associations between a clinically meaningful worsening in each domain of 

the MENQOL and early discontinuation were observed in Manuscript 2, insufficient statistical power for 

the main exposure-outcome association is not of particular concern. 

6.3.7 External validity  

External validity, also known as generalizability, is the extent to which the observations of a 

study are representative of the original target population, and to a larger extent other populations. The 

study population for this thesis project was derived from a clinical trial, which generally include 

participants that are younger and healthier than the original target population. MAP.3 participants were 
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predominantly Caucasian, highly educated and non-smoking women, which may not be representative of 

the general postmenopausal population. The low baseline MENQOL scores suggest that women were not 

substantially bothered by their menopausal symptoms and a comparison of these baseline scores to 

population-based age normative values found no systematic differences (1). Both of these observations 

support the notion that those in MAP.3 did not have systematically different baseline HRQL experiences 

from postmenopausal women in the general population and enhances the external validity of the results 

obtained in Manuscript 1.  

In Manuscript 2, the target population is women at elevated risk for breast cancer and would thus 

be eligible for chemoprevention with exemestane. A large proportion of women were eligible for MAP.3 

based on age (≥ 60) alone. Additionally, the Gail score for trial participants was not significantly larger 

than the average North American woman thus calling into question whether the MAP.3 study sample 

consisted of women at the highest risk for breast cancer (14). Our study may thus have limited 

generalizability to women at the highest risk for breast cancer development. However, a comparison 

between MAP.3 participants to those of The Sister Study observational cohort revealed that MAP.3 

participants were quite similar to women utilizing chemoprevention in clinical practice in terms of their 

age, race, smoking status and Gail index score (15). This enhances the generalizability of the results 

obtained in Manuscript 2 to women eligible for chemoprevention in clinical practice.  

6.4 Conclusions and future research directions  

Previous work has acknowledged that endocrine therapies are associated with small negative 

HRQL changes and some patients may be reluctant to initiate chemoprevention therapy due to the 

perceived the risks (1,16). Personalized medicine and prevention are thought to be attainable goals in the 

fields of primary care and oncology. Clinicians are thus expected to personalize their recommendations to 

patients by taking into account underlying comorbidities, risk profiles and patient preferences. The results 

of Manuscript 1 identified individual-level characteristics associated with worsening menopause-specific 

HRQL in women eligible for exemestane. These results may assist physicians in appropriately counseling 
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their patients with respect to their personal risk of negative HRQL impacts while taking exemestane. 

Additionally, Manuscript 1 is an important contribution to the postmenopausal HRQL literature as it 

addresses many of the methodological limitations of previous studies in this area. The results of 

Manuscript 2 further supports the notion that adherence to chemoprevention agents is a multifactorial and 

complex issue. Previous literature has largely focused on individual-level factors and their associations 

with adherence to chemoprevention agents. This study highlights the importance of negative changes in 

HRQL on a women’s decision to discontinue chemoprevention, a concept that has yet to systematically be 

reported on to date. Results of Manuscript 2 provide a better understanding of factors related to AI 

discontinuation, which may further inform the discussion between physicians and women contemplating 

chemoprevention for breast cancer and may also assist physicians in appropriately monitoring their 

patients.   

This study only focused on early treatment discontinuation and future studies will need to address 

issues related to long-term adherence to aromatase inhibitors, as these agents are recommended for a 

duration of 5 years. Furthermore, this study focused on the most extreme form of non-adherence and 

factors associated with adequate compliance (taking 75-80% of doses) may be of particular interest to 

clinicians, as the efficacy of AIs is maintained at this level. The conduct of observational studies may 

identify other risk factors of non-adherence (i.e., medical insurance coverage, personal perceptions about 

chemoprevention and cultural influences) that cannot be investigated within the context of a clinical trial, 

but are nevertheless important.  
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Appendix A 

MENQOL Instrument  
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Appendix B 

MAP.3 Initial Evaluation (Form 1) 
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Appendix C 

MAP.3 Sociodemographic Information (Form 1A) 
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Appendix D 

Statistical Power 

Manuscript 1: Association between a hypothetical exposure and clinically meaningful worsening in 
menopause-specific HRQL 
 

Prevalence of exposure Power 
HR=1.2 HR=1.4 HR=1.6 

0.05 37.19% 85.40% 98.77% 
0.10 61.32% 98.57% 99.99% 
0.20 85.02% 99.98% 100% 
0.30 92.97% 100% 100% 
0.40 95.64% 100% 100% 
0.50 96.29% 100% 100% 

α=0.05 
N with worsening in the sexual domain (cumulative) =1,689 
 
 
 
 
 
 
 
Manuscript 2: Association between clinically meaningful worsening in menopause-specific HRQL and 
early treatment discontinuation  

Relative Risk Power 
1.2 42.46% 
1.3 74.95% 
1.4 93.61% 
1.5 99.09% 
1.6 99.93% 
1.7 100% 
1.8 100% 
1.9 100% 
2.0 100% 

 
α=0.05 
N with worsening in sexual domain within the first 6 months (i.e., exposed)= 912  
N without worsening in sexual domain (i.e., unexposed) = 3,648  
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Appendix E 

Research Ethics Board Approval  
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Appendix F 

Manuscript 1 Supplementary Results 

Table F.1: Treatment-stratified analysis of factors associated with clinically meaningful worsening in the 
vasomotor domain   
 Exemestane (n=2,155) Placebo (n=2,155) 
 HR* (95% CI) HR* (95% CI) 
Age (years) 
<50  
50-59 
60-74 
≥75 

 
1.31 (0.86-1.99) 
1.20 (1.05-1.36) 

1.00 (ref) 
0.73 (0.55-0.97) 

 
1.01 (0.63-1.61) 
1.15 (1.00-1.32) 

1.00 (ref) 
0.54 (0.39-0.75) 

Highest Level of Education  
High School or less 
College Diploma  
University Degree 

 
1.00 (ref) 

1.10 (0.94-1.28) 
0.93 (0.80-1.08) 

 
1.00 (ref) 

1.07 (0.91-1.27) 
0.99 (0.84-1.16) 

BMI 
Normal 
Overweight 
Obese 

 
1.00 (ref) 

1.14 (0.98-1.33) 
1.30 (1.12-1.51) 

 
1.00 (ref) 

0.96 (0.81-1.12) 
1.05 (0.90-1.23) 

*Mutually adjusted for all other variables in the model  
 
 
 
Table F.2: Treatment-stratified analysis of factors associated with clinically meaningful worsening in the 
sexual domain 
 Exemestane (n=2,062) Placebo (n=2,068) 
 HR* (95% CI) HR* (95% CI) 
Age (years) 
<50  
50-59 
60-74 
≥75 

 
1.36 (0.82-2.25) 
1.48 (1.28-1.73) 

1.00 (ref) 
0.81 (0.56-1.18) 

 
1.35 (0.81-2.27) 
1.26 (1.08-1.47) 

1.00 (ref) 
0.60 (0.40-0.89) 

Non-married 0.49 (0.41-0.58) 0.52 (0.43-0.61) 
Highest Level of Education  
High School or less 
College Diploma  
University Degree 

 
1.00 (ref) 

0.86 (0.71-1.04) 
0.84 (0.70-1.00) 

 
1.00 (ref) 

1.04 (0.85-1.26) 
0.91 (0.75-1.09) 

Depression 1.34 (1.08-1.65) 1.32 (1.08-1.60) 
Other psychiatric condition  1.52 (0.91-2.55) 1.44 (0.86-2.42) 
*Mutually adjusted for all other variables in the model  
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Table F.3: Treatment-stratified analysis of factors associated with clinically meaningful worsening in the 
psychosocial domain   
 Exemestane (n=1,840) Placebo (n=1,821) 
 HR* (95% CI) HR* (95% CI) 
Age (years) 
<50  
50-59 
60-74 
≥75 

 
1.40 (0.87-2.25) 
1.18 (1.02-1.37) 

1.00 (ref) 
1.10 (0.84-1.44) 

 
1.17 (0.72-1.90) 
1.07 (0.92-1.23) 

1.00 (ref) 
1.09 (0.82-1.45) 

Income 
< $20 000 
$20 000 - $39 999 
$40 000 - $59 999 
$60 000 - $79 999 
≥$80 000 

 
1.26 (0.98-1.63) 
1.34 (1.11-1.62) 
1.23 (1.02-1.47) 
1.11 (0.90-1.36) 

1.00 (ref) 

 
0.98 (0.75-1.28) 
1.10 (0.91-1.32) 
1.03 (0.85-1.24) 
1.20 (1.00-1.45) 

1.00 (ref) 
BMI 
Normal 
Overweight 
Obese  

 
1.00 (ref) 

1.25 (1.05-1.49) 
1.28 (1.08-1.52) 

 
1.00 (ref) 

0.99 (0.83-1.17) 
1.16 (0.99-1.37) 

Depression 1.28 (1.05-1.55) 1.31 (1.10-1.56) 
Anxiety 1.20 (0.92-1.57) 1.33 (1.02-1.73) 
Other psychiatric condition  1.17 (0.73-1.89) 1.69 (1.06-2.69) 
*Mutually adjusted for all other variables in the model  
 
 
 
Table F.4: Treatment-stratified analysis of factors associated with clinically meaningful worsening in the 
physical domain   
 Exemestane (n=2,142) Placebo (n=2,140) 
 HR* (95% CI) HR* (95% CI) 
Highest Level of Education  
High School or less 
College Diploma  
University Degree 

 
1.00 (ref) 

0.99 (0.85-1.16) 
0.87 (0.75-1.01) 

 
1.00 (ref) 

1.14 (0.98-1.33) 
0.99 (0.85-1.15) 

Other psychiatric condition 1.42 (0.94-2.16) 1.24 (0.83-1.85) 
Number of concomitant 
medications 

1.06 (1.04-1.08) 1.04 (1.02-1.06) 

Bisphosphonate supplementation 0.79 (0.68-0.92) 0.96 (0.83-1.12) 
*Mutually adjusted for all other variables in the model  
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Table F.5: Treatment-stratified analysis of factors associated with clinically meaningful worsening in 
overall menopause-specific HRQL   
 Exemestane (n=2,137) Placebo (n=2,141) 
 HR* (95% CI) HR* (95% CI) 
Age (years) 
<50  
50-59 
60-74 
≥75 

 
1.49 (0.96-2.30) 
1.14 (0.99-1.31) 

1.00 (ref) 
1.04 (0.80-1.36) 

 
1.32 (0.84-2.07) 
1.03 (0.89-1.20) 

1.00 (ref) 
0.77 (0.57-1.04) 

Non-married 0.90 (0.79-1.03) 0.84 (0.73-0.96) 
Highest Level of Education  
High School or less 
College Diploma  
University Degree 

 
1.00 (ref) 

1.00 (0.85-1.17) 
0.74 (0.64-0.87) 

 
1.00 (ref) 

1.04 (0.88-1.23) 
0.91 (0.78-1.08) 

Depression 1.11 (0.91-1.34) 1.36 (1.14-1.63) 
Anxiety 1.18 (0.92-1.51) 1.48 (1.16-1.90) 
Number of concomitant 
medications 

1.04 (1.02-1.06) 1.03 (1.01-1.05) 

Bisphosphonate supplementation 0.80 (0.68-0.95) 0.89 (0.75-1.07) 
Calcium supplementation 0.89 (0.78-1.02) 0.82 (0.72-0.95) 
*Mutually adjusted for all other variables in the model  
 
 
 
 
Table F.6: Number of participants experiencing incident clinically meaningful worsening in menopause-
specific HRQL throughout the MAP.3 trial  
 Months since randomization (month) 
MENQOL Domain 6 

 
12 

 
24 36 48 60 70 Total  

Vasomotor 426 1,110 321 152 66 27 68 2,170 
Sexual 216 583 311 231 95 45 11 1,492 
Psychosocial 308 967 430 249 119 60 22 2,155 
Physical 315 1,054 531 260 91 57 18 2,326 
Overall menopause-
specific HRQL 

262 872 427 211 103 49 10 1,934 
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Appendix G 

Manuscript 2 Supplementary Results 

 

Table G.1: Assessment of confounding by participant factors for the association between worsening in 
vasomotor domain and early treatment discontinuation  
N=4,167 Fully Adjusted Model 
 RR* (95% CI) 
Worsening in Vasomotor Domain 1.50 (1.29-1.76) 

Age  
<50 
50-59 
60-74 
≥75 

 
1.23 (0.75-2.01) 
0.83 (0.69-0.99) 

1.00 (ref) 
1.07 (0.77-1.48) 

Smoking Status  
Never  
Past  
Current  

 
1.00 (ref) 

1.18 (1.00-1.38) 
1.52 (1.15-2.00) 

Exemestane 1.51 (1.29-1.77) 
* Mutually adjusted for all other variables in the model 
Variables initially considered: worsening in vasomotor domain, age, education, race, BMI, smoking 
status, Charlson comorbidity index score and exemestane  

 

 
 

Table G.2: Assessment of confounding by participant factors for the association between worsening in 
sexual domain and early treatment discontinuation 
N=3,924 Fully Adjusted Model 
 RR* (95% CI) 
Worsening in Sexual Domain  1.46 (1.21-1.75) 

Non-married 1.19 (1.01-1.41) 

Highest Level of Education 
High School or less 
College Diploma 
University Degree 

 
1.00 (ref) 

1.00 (0.81-1.23) 
1.17 (0.95-1.45) 

Currently employed 1.20 (1.02-1.41) 

Exemestane 1.63 (1.38-1.92) 
*Mutually adjusted for all other variables in the model  
Variables initially considered: worsening in sexual domain, age, marital status, education, employment 
status, BMI, smoking status, depression, anxiety, other psychiatric conditions and exemestane  
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Table G.3: Assessment of confounding by participant factors for the association between worsening in 
psychosocial domain and early treatment discontinuation 
N=4,156 Fully Adjusted Model 
 RR* (95% CI) 
Worsening in psychosocial domain 1.71 (1.46-1.99) 

Currently employed 1.18 (1.01-1.38) 

Smoking Status  
Never  
Past  
Current  

 
1.00 (ref) 

1.22 (1.03-1.43) 
1.53 (1.16-2.00) 

Exemestane 1.56 (1.33-1.82) 
*Mutually adjusted for all other variables in the model  
Variables initially considered: worsening in psychosocial domain, age, education, employment status, 
income, BMI, smoking status, depression, anxiety, other psychiatric conditions and exemestane   

 
 
 
 
Table G.4: Assessment of confounding by participant factors for the association between worsening in 
physical domain and early treatment discontinuation 
N=4,160 Fully Adjusted Model 
 RR* (95% CI) 
Worsening in Physical domain 1.70 (1.46-1.99) 

Age 
<50 
50-59 
60-74 
≥75 

 
1.36 (0.83-2.22) 
0.84 (0.70-1.01) 

1.00 (ref) 
1.02 (0.74-1.40) 

Smoking Status  
Never 
Past  
Current 

 
1.00 (ref) 

1.21 (1.02-1.42) 
1.48 (1.12-1.94) 

Calcium supplementation 0.85 (0.72-1.00) 

Exemestane 1.55 (1.32-1.82) 
*Mutually adjusted for all other variables in the model  
Variables initially considered: worsening in physical domain, age, education, BMI, smoking status, 
osteoporosis, arthritis, osteoarthritis, depression, anxiety, other psychiatric conditions, number of 
concomitant medications, calcium and bisphosphonate supplementation, Charlson comorbidity index 
score and exemestane   
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Appendix H 

Manuscript 1: Evaluation of Selection Bias 

Table H.1: Baseline characteristics of participants included in Manuscript 1 as compared to the original 
cohort  
 Original cohort (N=4,560) 

N (%) 
Included in final sample (N=4,508) 

N (%) 
Age (years) 
<50 
50-59 
60-74 
>75 

	  
84 (1.84) 

1355 (29.72) 
2844 (62.36) 

277 (6.08)	  

 
83 (1.84) 

1335 (29.61) 
2815 (62.44) 

275 (6.10)	  
Education  
High school or less 
College Diploma 
University Degree 
Missing  

	  
1207 (26.47) 
1415 (31.03) 
1924 (42.19) 

14 (0.31)	  

 
1180 (26.18) 
1403 (31.12) 
1915 (42.48) 

10 (0.22)	  

BMI  
Normal 
Overweight  
Obese 
Missing 

 
1290 (28.29) 
1560 (34.21) 
1693 (37.13) 

17 (0.37)	  

 
1279 (28.37) 
1542 (34.21) 
1677 (37.20) 

10 (0.22)	  

Race  
Caucasian 
African American  
Other 

 
4261 (93.44) 

211 (4.63) 
88 (1.93)	  

 
4210 (93.39) 

210 (4.66) 
88 (1.95)	  

Smoking Status 
Never  
Past 
Current 

	  
2500 (54.82) 
1748 (38.33) 

312 (6.84)	  

 
2456 (54.48) 
1742 (38.64) 

310 (6.88)	  

Depression 610 (13.38)	   602 (13.35)	  
Anxiety 279 (6.12)	   275 (6.10)	  
 
 


